
Chapter  9

The Inherent Limitat ions of
Space Power: Fact or Fiction?

Gregory Billman

Control  of  space means control  of  the world,  far more
certainly, far more totally than any control that has been
achieved by weapons or troops of occupation. Space is the
ultimate position, the position of total control over Earth.

—Lyndon Baines  Johnson

Now the  compet i t ion  wi l l  be  for  the  possess ion o f  the
unhampered right to traverse and control the most vast,  the
most important,  and the farthest  reaching element on the
earth,  the air,  the atmosphere that surrounds us all ,  that we
breathe,  l ive by,  and which permeates everything. .  .  .  A
new set of rules for the conduct of war will  have to be
devised and a whole new set  of  ideas of  s trategy learned
by those charged with the conduct of war.

—Brig Gen William “Billy” Mitchell

Is  US space power’s current  subordinate posi t ion to terres -
tr ial  mil i tary powers—air ,  land,  and sea—due to inherent  l imi-
tations? Space power today is limited in its ability to accom -
plish many mil i tary missions.  Whether  those l imitat ions are
predominant ly inherent  to  the space environment  or  are  self-
imposed by the  current  US approach to  space is  the  subject  of
this  s tudy.

Following a clear definition of space power,  t h ree  s t eps  a re
taken in the analysis process.  First ,  the evolving relative im -
portance of space power, as it  is generally regarded, is dis -
cussed in relation to the other forms of military power. Histori-
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cal analogy with the accession of airpower from the early
twentieth century onward seems part icularly appropriate .  Ter -
restr ial  mil i tary theory and space theory are subsequently dis -
cussed from a historical  context,  leading to a discussion of
current  space doctr ine as  i t  re la tes  to  space power’s  current
supporting military role.  In the application of theory and doc -
tr ine,  current  technologies  are  considered as  they demonstrate
space capabil i t ies beyond those presently f ielded.  Second,  the
physical  a t t r ibutes  of  space are  examined to establ ish whether
conduct  of  operat ions  wi thin  the  medium has  inherent  physi -
cal l imitations.  Third,  beyond physical l imitations,  the issue of
inherent l imitations due to a lack of mili tary uti l i ty is  ad-
dressed.  Mil i tary power character is t ics  are discussed as  they
apply to (1) terrestrial power, (2) currently fielded space forces,
and (3) space forces which are technologically feasible. The
characteristics include strategic agili ty,  abili ty to demonstrate
commitment and credibil i ty,  and economic,  mili tary and polit i-
cal  considerat ions .

Conclusions and implicat ions are discussed as  they apply to
the future potent ial  of  US space power.  Depending on the
findings,  doctrinal implications exist  to properly use space
power—either as an adjunct force with terrestrial  power,  or as
an independent  mil i tary force.

No standard definitions seem to exist for air, land, or sea
power. However, all seem to have similar characteristics, and
hence space power can be defined in a similar manner. As Lt Col
David E. Lupton writes in his work, On Space Warfare: A Space -
power Doctrine; “Spacepower is the ability of a nation to exploit
the space environment in pursuit  of national goals and purposes
and includes the entire astronautical capabilities of the nation.”1

The United States  depends on space power.  I t  has  a  space
infrastructure,  both civil ian and mili tary,  and is  presently ex -
ploit ing space for  many purposes.  As naval  forces supply the
mili tary component of sea power,  and air  forces provide the
military component of airpower,  space forces supply the mili -
tary component of space power.  The following is an examina-
t ion of  how space power has developed as compared to other
military powers, specifically airpower, and how this develop-
ment  has  af fec ted  current  space  power  doct r ine .
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Military Power Development and
Space Power’s Relative Importance

T h e  a i r  w a r  o f  y e s t e r d a y  b e c o m e s  t h e  s p a c e  w a r  o f
tomorrow.

—1960 Democratic Party Policy Statement

Space power is evolving into a mature military entity—much
like airpower evolved into a dominating military force. This
section reviews space power’s development and its relation -
ship to airpower’s  historical  development to demonstrate that
space power,  l ike airpower,  owes i ts  potential  rapid rise as a
dominating form of warfare to its unique ability to affect ad-
versaries in ways previously unimaginable.

Many similarit ies exist  between airpower’s development and
space power;  some are cursory,  while  others  are  more con -
crete .  Cursory s imilar i t ies  include the  di f f icul t  conceptual
thought required in both cases to develop theories exploit ing
the mil i tary potent ial  of  fundamental ly  new and environmen -
tal ly host i le  mediums,  the requirement for  a  technological
knowledge base  of  current  and future  developments ,  and the
need for a doctrinal push by military organizations to claim
the developmental  turf  of  a  new medium. More concrete  s imi-
lari t ies include the way in which each power’s resources were
first employed, the evolution and relationship of each power’s
technologies to new roles,  and the organizational  development
of each power within the military.

Early Employment of Airpower and Space Power

Peter Hays states “the first  mili tary use of these two new
mediums was  for  observat ion and reconnaissance .”2 In  ac tua l-
ity, in 1911–12, prior to World War I,  the Italians used air -
power in  al l  four  present-day mission areas against  the Turks
in Libya (force application, force enhancement,  control and
suppor t ) .  Lee  B.  Kennet t ,  in  h is  book The First Air War,
1914–18,  sugges ts  tha t  i t  was  th is  exper ience  tha t  caused  a
young Italian artillery officer, named Giulio Douhet, to re-
mark,  “A new weapon has  come for th ,  the  sky has  become a
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new battlefield.” Though Hays’s remark is not completely ac-
curate,  his  concept  is  predominantly regarded as val id.  Force
application did play a considerable, if not a major, role in
World War I  airpower.  The rudiments of  counterair  weapons
began development in the early years,  but  i t  wasn’t  unti l  the
la t ter  par t  of  the  war  that  purpose-bui l t  ant ia i rcraf t  weapons
appeared on the  bat t lef ie lds .  Addi t ional ly ,  l ighter- than-air
German dir igibles  were used ear ly  on in  both reconnaissance
and bombing roles .3 I t  is  generally accepted that  the over -
whelming bulk of sorties flown by any side in World War I
involved aircraft  and airships in tactical  observation and re-
connaissance roles.  Likewise,  Operation Desert  Storm, fought
77 years  la ter ,  u t i l ized mil i tary space assets  in  much the same
way.  Desert  Storm has been cal led “The First  Space War,”
harking to World War I’s appellation, “The First Air War.”4

World War I gave airpower  its first  large-scale opportunity to
contribute,  mostly by observing for art i l lery placement and
reconnaissance of  enemy t roop movements  and disposi t ions .
In his  book The First Air War: 1914–1918, Kennet t  emphasizes
this  point .  He i l lustrates  airpower’s  contr ibutions and techni-
cal development from both sides, including German airpower’s
value at the Battle of Tannenberg and Allied airpower’s efforts
at  the Battle of the Marne. He discusses specifically how air -
power supported ear th-bound forces  via  communicat ions ,  po-
sit ioning,  and intell igence and surveil lance.

In the early stages of World War I ,  as the Germans moved
swift ly across the European continent ,  German observation
planes were found most  compatible  with this  rapid movement .
From 15 August  unt i l  9  September  1914,  the  Fliegerabteilung
of the German Third Army Corps changed airf ields 18 t imes
and dur ing that  t ime was  grounded by bad weather  only  two
days . 5 Aircraft  became essential  to command and control  of
German forces .  Commanders  now had  much be t te r  in forma-
t ion  to  de t e rmine  where  enemy  a rmies  were  and ,  conse-
quently,  were better  prepared to move their  t roops.  Kennett
writes,  “German observation planes played a significant role in
the east ,  where their  reports ,  coupled with interceptions of
Russian radio t ransmissions,  set  the s tage for  the victory at
Tannenberg. Field Marshal Paul von Hindenburg acknowledged
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his debt to the German Air Service:  ‘Without the airmen no
Tannenberg.’” 6

Positioning of friendly (for navigation and tactical purposes)
and enemy forces (for targeting purposes) became exceedingly
more precise with the advent of the balloon, and then the air -
plane. Not only did aircrews directly report positions of friendly
and enemy troops, but balloons, which were in use for observa -
tion purposes, were used by fixed-wing aviators and ground
troops to determine their position relative to friendly lines.

Though, as previously discussed, airpower  played other sig-
nificant roles in World War I,  intelligence and surveillance
were generally regarded as i ts raison d’être . Alti tude,  and the
capabili ty to travel well  behind enemy lines gave airmen the
unique capabil i ty  to see and determine things never  before
available to opposing forces.  Information on force movements,
t roop disposi t ions,  deployed weaponry,  and enemy resupply
capabil i t ies  al l  became available to the commander who was
lucky enough to  be  suppor ted  by  a i r  machines .  In  shor t ,  the
visibility restricted by the “fog of war” became a bit clearer
with the introduction of airpower.

There are s t rong analogies  to  be made between the emer -
gence of airpower in World War I  and the emergence of space
power in Operation Desert  Storm . While i t  is  t rue that  space
power in the Gulf  did not  contr ibute to al l  four mission areas
as airpower did in World War I,  the Gulf War provided space
power with i ts  f irst  large-scale opportunity to demonstrate i ts
capabilities. Similarly, these capabilities were generally limited
to  force  enhancement ,  reconnaissance ,  and o ther  command
and control-enhancing operations.  Space power severely re-
duced the “fog and frict ion of war” for supported commanders,
while it  increased the opportunity for “fog” to cloud the en -
emy’s decision making and “friction” to increase the enemy
commander’s difficulties. As World War I proved the efficacy of
airpower as a valuable tool for future conflict,  the Gulf War
seems to have proved the efficacy of space power as a viable
arm of future mili tary operations.  Similar  to the dominant role
of airpower in World War I ,  all ied space assets in the Gulf
were l imited to functions which supported the other  mil i tary
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arms.  In today’s terms,  space power’s  main focus in the Gulf
was direct  support  to  the war  f ighter ,  or  force enhancement .

Force  enhancemen t includes  space power  capabi l i t ies  that
“provide effective operational support to military forces.”7 As
airpower multiplied the combat effectiveness of surface-bound
forces in World War I,  so too did space power multiply the
combat effectiveness of terrestrial  weapon systems in the Gulf.
In fact,  a comparison of each power’s early functions demon -
strates the similari t ies.  Specifically,  in the Gulf,  force en -
hancement  capabi l i t ies  included communicat ions,  navigat ion,
positioning, intelligence and surveillance (including weather).

Communicat ions  in  Deser t  Shield/Deser t  Storm were ac-
complished via the Defense Satel l i te  Communications System
(DSCS) and Fleetsat  spacecraft .  The system provided a high
data rate,  high capacity,  worldwide,  secure voice communica -
t ions  sys tem for  command and cont ro l ,  c r i ses  management ,
and intel l igence data  t ransmission between the f ie ld  uni ts ,
t h e a t e r  c o m m a n d  s t r u c t u r e  a n d  t h e  N a t i o n a l  C o m m a n d
Authorities (NCA). As well as supplying direct communications
links,  DSCS also provided a bridge for terrestrial  communica -
t ions systems with l ine-of-sight restr ict ions across the vast
expanses of  desert .  DSCS provided real- t ime communications
between land,  air ,  and sea units ,  as  well  as  television into and
out  of  theater .  As the mil i tary communicat ion systems became
saturated, a “Civil Reserve Space Fleet” concept (analogous to
the Civil Reserve Air Fleet or CRAP concept) was adopted to
use commercial  communicat ions satel l i tes  to  relay nonsecure
and nonpriority traffic.

Navigation and posi t ioning efforts in the Gulf were carried
out by the navigational strategic, tactical relay (NAVSTAR)
Global Positioning System (GPS) fleet of satellites. This system
provided Coalition forces precise three-dimensional location
and t ime information.  The featureless desert  terrain posed
signif icant  navigat ional  chal lenges ,  thereby increas ing the
benefit  of GPS. Additionally, many targeting components of US
weapons systems (of al l  services) interfaced with GPS for
highly accurate  ini t ia l ,  midcourse,  and terminal  guidance.  I ts
popularity became so widespread that aircrews flying Viet -
nam-era systems,  which used notoriously untrustworthy analog
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inert ial  navigat ion systems,  bought  personal ,  hand-held GPS
receivers  to  augment  thei r  onboard systems.8 Parents  of  some
infantry personnel included GPS receivers in their children’s
“CARE” packages .  At  the  ou tbreak  of  Deser t  Sh ie ld ,  the
NAVSTAR system had not yet reached full  operational capabil -
ity,  but i t  soon became integral to the Coalition effort.  In the
future, planners believe small, lightweight GPS receivers will
become standard kit  for every deployed US soldier.

Surveillance  in the Gulf was accomplished by the US fleet of
spy satelli tes whose name(s),  configuration(s),  and specific
characteristic(s) is/are classified. Civil  and commercial satel-
l i tes ,  such as  the  French Systeme Probatoire pour l’Observa-
tion de la Terre  (SPOT),  used for earth observation,  were
pressed into service to provide additional surveillance for the
Coalition. A widely publicized, key capability of US surveil -
lance satel l i tes is  mult ispectral  sensing.  Satel l i tes over the
Gulf  provided US commanders and decision makers with opti-
cal,  radar,  and infrared (IR) high-resolution images. Other ca -
pabilities included electronics intelligence (ELINT) gathering,
though this  capabi l i ty  was not  as  valuable  once the  war  began
since Iraqi  command and control  capabil i ty was rapidly de-
graded early in the conflict .  High quali ty and rapid batt le
damage assessment  (BDA) was another  s ignif icant  advance
credi ted  to  space  sys tems.  Uni t  complaints  about  unt imely
BDA can be a t t r ibuted to  human errors  in  developing an inef-
ficient and ineffective dissemination system vice technical in -
adequacies of space systems, though the overclassification of
information borne of space capabil i ty also contributed.  The
highly accurate  photo and radar  images provided by space
p l a t fo rms  a l l owed  fo r  i n t r i c a t e  i n t e rp r e t a t i on  o f  damage
caused by Coal i t ion “smart  bombs.”

Surveillance assets were also used to assist in targeting Iraqi
Scud missile launches. The Defense Support Program (DSP) fleet
of spacecraft provided this capability. These satellites sat in their
geostationary orbits, constantly looking for telltale Scud IR
plumes. Once observed, the system relayed  the locat ion,  t ime
a n d  t r a j e c t o r y  t o  t h e  U n i t e d  S t a t e s  S p a c e  C o m m a n d
(USSPACECOM) operations crews, who then evaluated and
assessed the data before relaying,  via the DSCS, to Patriot
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missile crews in Saudi Arabia,  Israel,  or Turkey, using newly
established,  refined,  and exercised warning-alert  communica -
tions paths.  DSP—a cold war era space resource—saved lives.

Evolution and Relationship of Airpower and
Space Power Technologies  to  New Roles

Simultaneous with the evolution of airpower’s operational
role was an evolution of air-related technology. Similarly, the
evolution of  space-related technology has accompanied the
evolution of space power’s operational role.

As airpower  developed rapidly from a technological stand-
point, so too did its military potential. Within the span of just a
few years, the dominant role of airpower evolved from general
support to directly offensive. Space power is now advancing
technologically in a very rapid manner. There seems no reason
to assume that space power cannot, technologically, mimic air -
power’s offensive evolution. The most powerful early doctrines
developed for both airpower and space power emphasized the
war-winning potential of strategic applications of force from
these new combat  mediums.9 As space power doctrine evolves,
the strategic usefulness of applying force from this medium
must be acknowledged, but care must be taken not to fall  into
early airpower’s doctrinal trap of promising too much, too soon.

As airpower advanced technologically after World War I, its
p r i m a r y  f u n c t i o n  b e c a m e  s t r a t e g i c  b o m b a r d m e n t .  G i u l i o
Douhet ,  impressed by airpower’s  capabil i t ies  and potential
that he witnessed in World War I,  drafted an offensive air -
power theory in The Command of the Air. Other great  airpower
thinkers followed, Gen William “Billy” Mitchell, Alexander de
Seversky,  Air  Vice Marshal  Hugh Trenchard,  and Gen James
“Jimmy” Doolittle, to name a few. All focused on the offensive
capabilit ies of airpower. The lesson which flowed from these
air-advocates was clear:  an air  force’s sole concern should be
to do the enemy the greatest  possible  amount  of  surface dam-
age in  the shortes t  possible  t ime ( in  consonance with the
theater  campaign plan) . 1 0

By the end of World War I, technology allowed airpower to
be used separate from surface forces to bomb well  beyond the
batt le front in efforts to affect  the enemy infrastructure and i ts
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abil i ty to wage war.  Government centers ,  industry,  and trans-
portat ion l inks were targetable by air  though such targets
were not at great risk due to the limits of the technology. This
changed over t ime. An analogy can be drawn with the evolu -
tionary advance of space power today. Technologically,  space
power clearly has access to the battlefield, yet it  is l imited in
what it  can do offensively. This, too, may change over time.
And when i t  does,  the poli t ical  and mili tary advantages of
being able to rapidly and widely affect an enemy with minimal
regard to friendly vulnerabilities will be great.

Organizational  Development of  Airpower
and Space Power within the Military

Part  and parcel  to the operat ional  and technological  devel-
opment of airpower was its organizational development.  Many
writers  advance the idea that  i t  was actually the wish to iden -
tify a need for independent air forces that spawned offensive
airpower theories. Due to airpower’s evolution during the in -
terwar years ,  incremental  organizat ional  changes took place.
In the United States,  the changes led from the Air Service to
the Air Corps to the Army Air Forces, and finally to an inde-
pendent Air Force. The emergence of Air Force Space Com -
mand (AFSPACECOM) and USSPACECOM may be similar or -
g a n i z a t i o n a l  s t e p s  t o w a r d s  t h e  e v e n t u a l  c r e a t i o n  o f  a n
independent  space force. 1 1

Douhet, Mitchell, and other airpower thinkers pushed for es -
tablishment of separate air forces due to their perceptions that
airpower proved a decisive form of warfare. Strategic bombard -
ment became the backbone of the air mission. This legacy is
apparent  in  Air Force Manual 1-1 , as it contrasts surface forces
with “aerospace power,” which “can be the decisive force in
warfare.”1 2 It seems with all of the attention paid to strategic
at tack as  the raison d’être of the USAF, the removal of this
mission might signal a certain lack of legit imacy in the insti tu -
tion. Without a strategic attack capability, the Air Force would
be nothing more than a  support  arm for  surface forces ,  pro -
viding air  superiori ty over the batt le  space,  close air  support ,
and resupply  miss ions .  The debate  would  hark  back to  the
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arguments of the early forties.  Why have a separate air  force if
airpower is  purely a support  function for  the surface forces?

This hypothetical  s i tuat ion is  somewhat analogous to to -
day’s space operations.1 3 As mentioned earlier,  space forces
exist today to support terrestrial forces. However, the realiza -
tion of space force application and space control (akin to air
superiority) capabilities, like airpower’s development, would
present  space power with i ts  own raison d’être,  thereby  mak -
ing the establishment of a separate space force a possibil i ty.

Summary of  Air and Space Power Development

Space power development seems to be mimicking the devel-
opment of  airpower.  Extrapolat ing the analogy,  the importance
of space power will rise accordingly. Airpower’s rapid rise to
dominance as  a  form of  warfare  was due to  the  unique advan-
tages that  vert ical  posit ioning,  speed,  and eventually range,
gave to the war fighter.  From early military uses as observa -
t ion and reconnaissance  pla t forms,  both  a i rpower  and space
power continue to evolve.  Airpower gained i ts  present status
as  a  separate ,  and some would argue dominant ,  form of  war -
fare by technologically developing i ts  offensive capabili ty.
Similar ly,  space power could one day achieve such s tatus ,
given technological innovation as well as political will. The
similari t ies  between airpower and space power developments
seem to suggest  that  space power wil l  evolve into a dominant
military force in the future.

Physical  Attributes of Space and a
Comparison to Terrestrial  Environments

National security policy makers,  planners,  programmers,
a n d  o p e r a t o r s  t a k e  g e o g r a p h y  i n t o  c o n s t a n t  a c c o u n t ,
because it  exerts strong influence on strategies,  tactics,
logistics, and force postures. Geography, however, excludes
most  of  the Earth-Moon system, which comprises a vast
environment loosely known as space.

—John M. Collins  
Report to Congress
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This section attempts to determine if there are systemic envi-
ronmental deficiencies which limit space power’s potential to real-
ize more independence. It defines space, discusses the physical
characteristics of the medium, and compares these to terrestrial
environments. It begins with a discussion of space and such
celestial phenomena as libration points (also known as La -
grangian points) and the gravity well. It concludes by analyzing
differences between the space environment and the terrestrial
environments in which other forms of military power operate.

Space  Def ined

A short  discussion on what  const i tutes  “space” provides a
better  understanding of this thesis (f ig.  13).  Many sources
describe the medium referred to as “space.” However,  John
Collins’ work, Military Space Forces: The Next Fifty Years, dis -
cusses it  in militarily significant terms. “The Earth-Moon Sys -
tem circumscribes four discrete regions:  Earth and Atmos -
phe re ;  C i r cumte r re s t r i a l  Space ;  Moon  and  Env i rons ;  and
Outer  Envelope.  Boundaries  are  blurred and some at t r ibutes
overlap, but each nevertheless is individualistic.  .  .  .  Earth’s
atmosphere,  gravity,  and rotat ion strongly influence transit
be tween tha t  inf ras t ructure  and space .  Most  ef fec ts  are  ad-
verse ,  but  a  few are  advantageous.”1 4

In space, there are areas in which objects theoretically will
require l i t t le or no energy to maintain posit ion,  and from
which energy can be used advantageously to affect  near-earth
space,  as  well  as  the earth i tself .  These are termed the l ibra -
tion points.  Collins writes:

T h e  f i v e  s o - c a l l e d  l i b r a t i o n  p o i n t s  a r e  n o t  p o i n t s  a t  a l l ,  b u t
t h r e e - d i m e n s i o n a l  p o s i t i o n s  i n  s p a c e .  M a t h e m a t i c a l  m o d e l s  a n d
computer simulations indicate that free-floating objects within their
respective spheres of  influence tend to remain there,  because the
gravitat ional  f ields of the Earth and moon are in balance.  Spacecraft
c o u l d  t h e o r e t i c a l l y  l i n g e r  f o r  l o n g  p e r i o d s  w i t h o u t  e x p e n d i n g
significant fuel .  L1 through L3, on a l ine with Earth and moon, are
considered unstable .  Objects  a t  those locat ions ,  per turbed by the sun
and other forces,  wil l  wander farther and farther away, if  calculat ions
are correct .  L4 and L5,  60 degrees ahead of  and behind the moon in
i ts  orbit ,  assertedly are stable.  Objects  at  those locations probably
resist  drift  more vigorously and, if  i t  begins,  remain in that general
region.1 5
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As in air-to-air combat, of “God’s G,” or converting from a
position of relative energy advantage due to high-potential-en -
ergy positioning (high to low), is also applicable to space op-
erations (fig.14). Military space forces operating from “low”
potential  energy states  in low or near  earth orbi t ,  are disad-
vantaged from those operating farther away—“at the top of the
‘gravity well.’ ” They also experience less maneuvering room

Source:  John M. Collins, Military Space Forces: The Next Fifty Years (Washington, D.C., Pergamon-
Brassey’s 1989), 7.

Figure 13. Space Regions and Environs
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and react ion t ime.  Whereas  gravi ty  h inders  ear th- to-space
transit ,  i t  helps space-to-earth fl ight.  “Put simply,  i t  takes less
energy to drop objects  down a well  than to cast  them out.”1 6

Although submariners  operate  in a  seemingly unique envi -
ronment,  they retain s tandard terrestr ial  real i t ies  as  direct ion
and geo-position. Similarly, air forces operate in their own
medium, but  they too retain many similar i t ies  to  their  s is ter
terrestr ial  forces,  such as  direct ion,  geo-posi t ion,  and constant
physical  effects of operating within the atmosphere.  Obvi-
ously,  space is  a  unique operat ing environment for  mil i tary
forces.

Medium Differences

A concise discussion of medium differences may be helpful in
grasping the physical uniqueness of space. In his congressional
study, Military Space Forces: The Next Fifty Years, John M. Col-
lins provides a complete accounting of medium differences:

Source:  John M. Collins, Military Space Forces: The Next Fifty Years (Washington, D.C., Pergamon-
Brassey’s 1989), 24.

Figure 14. Earth and Moon Gravity Wells
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Air,  water,  weather,  climate and vegetation within the Earth-Moon
System are exclusively indigenous to this planet.  So are populations
and  indus t r i e s  a t  p resen t .  Land  fo rms  and  na tu ra l  r e sources  a re
rest r ic ted to  the Earth ,  moon and asteroids .  Cosmic radiat ion,  solar
winds ,  micrometeor i tes  and  negl ig ib le  or  neut ra l ized  gravi ty  a re
unique propert ies of free space.  Near vacuum is present everywhere
except Earth and vicinity.

Space and oceans are superficial ly similar ,  but  differences are more
remarkable .  Cont inents  bound a l l  seven seas ,  which are  l iquid  and
almost  opaque.  Topographic  features  conceal  ocean bot toms.  The
Earth’s curvature limits visibility to line-of-sight; natural light never
i l l u m i n a t e s  d e e p l y .  W a t e r  t e m p e r a t u r e ,  p r e s s u r e  a n d  s a l i n i t y
anomal ies  a re  common.

S p a c e  h a s  n o  n o r t h ,  e a s t ,  s o u t h  o r  w e s t .  R i g h t  a s c e n s i o n  a n d
decl inat ion,  calculated in different  terms than lat i tude and longitude,
designate location and direction. A nonrotating celestial  sphere of
infinite radius,  with i ts  center at  Earth’s core is  the reference frame.
Dec l ina t ion ,  t he  a s t ronomica l  ana log  o f  l a t i t ude ,  i s  t he  angu la r
dis tance north or  south of  the celest ia l  equator .  Right  ascension is  the
astronomical  analog of longitude.  The constel lat ion Aries,  against
which specta tors  on Ear th  see  the  sun when i t  c rosses  Ear th’s  equator
in spring,  defines the prime meridian.  Angular  posi t ions in space are
m e a s u r e d  e a s t  f r o m  t h a t  c e l e s t i a l  c o u n t e r p a r t  o f  G r e e n w i c h
Observatory.

Distances are meaningful  mainly in terms of  t ime.  Merchant  ships en
route from our Pacific coast to the Persian Gulf,  for example, take a
month to  t ravel  12,000 naut ical  mi les .  Apol lo  11 made i t  to  the
moon—20 t imes far ther—in sl ight ly more than three days.1 7

In short ,  though i t  is  relat ively unique,  space is  a  place—but
so is  the  a i r ,  land,  and sea . 1 8 Air  and space share  some s imilar
advantages,  specifically vantage point  and speed of access to
the surface.  The difference between the two on those grounds
is simply a matter  of  degree.  Continual  operations in both
media require countering the force of gravity. In the air,  this is
general ly done by buoyancy,  such as l ighter- than-air  opera -
t ions,  or  by l if t ,  via l i f t ing bodies and thrust—but not  by
speed,  because of  the fr ict ional  drag and heat  of  the atmos -
phere. Conversely, in space the effects of gravity are countered
by speed and posi t ion,  the  required speed being determined by
alt i tude above the earth’s surface.

In the air ,  typically below 20 miles,  the vantage point and
speed of  access  are  not  as  great  as  they are  in  space—above
100 miles .  But  in  both  media ,  the  vantage point  increases  as
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one gains al t i tude.  There is  a large difference in the speed of
access between air  and space—for semiglobal  dis tances,  the
access  t ime through the air  is  a  f ract ion of  a  day,  but  through
space it  can be fractions of an hour.  As one goes higher in
space,  one trades speed of  access for  vantage point—unti l  one
reaches the maximum vantage point  for  specif ic  operat ions.

The mili tary significance should be obvious: vantage point
and access al low observat ion,  communicat ion,  navigat ion,  and
when developed, force application. The air provides an order-
of-magnitude increase in line-of-sight coverage for any place
on the earth’s  surface,  while space provides yet  another order-
of-magnitude increase.

Speed of access is militarily important because it  allows
operations inside the response t imes of adversaries.  To de-
velop opt imal  speeds of  access ,  one must  operate  in  space to
avoid air friction. RAND Corporation’s Carl Builder claims, “If
observing, communicating, and navigating [and if  possible,
applying force] is  important to mili taries,  space is  the domi-
nant  medium.” Builder  concludes:

So space is  an important  mil i tary medium for  the  same reason that  a i r
i s  a n  i m p o r t a n t  m e d i u m ,  e x c e p t  m u l t i p l i e d  b y  a n o t h e r
order-of-magnitude.  Space provides for unprecedented vantage points
and speeds of access.  Those qualit ies are not essential  to all  mili tary
activit ies,  and there are significant costs associated with operations in
space,  so  the  a i r ,  land and sea  wil l  remain important  media  for  many
opera t ions .  But  wherever  vantage  poin t  and  speed  of  access  a re
crit ical  aspects of mili tary operations—space will  be the dominant
m e d i u m .1 9

Summary of  the  Physical  Attr ibutes  of  Space

Physical attributes of the space medium exhibit nothing that
systemically, or inherently, limits it as compared to other war-
fighting media. Space is a medium somewhat unique from other
war-fighting media. Certain aspects of space allow advantages ,
though other  space aspects  tend to  be detr imental .  Librat ion
points allow for little or no energy expense for station keeping,
while operating from atop the “gravity well” allows for high-po-
tential-energy posit ioning. Differences between the media are
noted,  as  are s imilari t ies .
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The terrestrial  medium most similar to space seems to be the
air.  Vantage point and speed of access are shared physical char -
acteristics of these media. What, then, makes space special? It is
the order-of-magnitude advantage gained over the air in vantage
and access—when these qualities are militarily required.

Characteristics of Military Power
and Space Forces

We should on all occasions avoid a general Action, or Put
anything to Risque, unless compelled by a necessity,  into
which we ought  never  be  drawn.

—George Washington,  1776

The essential ingredients that lead to an expanded role for
space are coming together.

—Gen Thomas Moorman

Previous  d iscuss ion demonst ra ted  space  power’s  current
subordinate posi t ion in regard to the other  mil i tary powers,
but i t  also i l lustrated space power’s potential ,  given current
technologically feasible capabilities. Upon recognizing its sub-
ordinate  posi t ion and superior  potent ial ,  the next  s tep exam-
ined physical  differences and similari t ies between the mili tary
operat ing media.  From that  background,  this  sect ion com -
bines these concepts  by comparing mil i tary power charac-
terist ics of terrestrial  and space forces.

The general characteristics include strategic agili ty,  abili ty
to demonstrate  commitment and credibi l i ty,  economic consid -
erat ions,  mil i tary considerat ions,  and poli t ical  considerat ions.
To conclude,  the relat ionship between these characteris t ics
and political flexibility is discussed. Ultimately, this compari-
son demonstrates  whether  space power is  l imited by any in -
herent ,  sys temic  inadequacies .

Military forces are often compared in various ways, but it’s
the comparison of  real politik characterist ics which generally
carr ies  the  day.  Unique equipment ,  operat ing mediums,  and
doctr inal  differences are  common parameters  for  comparison,
but  such analysis  is  of ten incomplete ,  as  seams between mil i -
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tary forces are typically unclear. For example, airpower con -
notes abilities of multiple military forces employing various
types of  equipment ,  for  numerous doctr inal  reasons.  Herein,
forces are compared based on perceived political applicability.
At the end of the day, it is the political applicability of a force,
not  operat ional  dissimilari t ies  from another,  which is  most
meaningful .

Airpower as Part of Terrestrial Military Power

Airpower’s  characteris t ics  are discussed as part  and parcel
of terrestrial military power characteristics because airpower’s
medium is  l imited in many of  the same ways as ground forces
and naval  forces .  Though airpower has one great  l iberat ing
characteristic from other terrestrial forces—elevation—due to
atmospheric (drag, gravity, etc.) and geopolitical limitations
(overflight restrictions, basing concerns, etc.), it  is similarly
limited.

Speed and elevation allow airpower  to rapidly mass large
quantit ies of power anywhere in the world,  treaty l imitations
notwithstanding.  I t  can a t tack s t ra tegic  targets  that  surface
forces cannot.  However,  i t  remains terrestr ial ly l imited,  as
compared to space power, by footprint size, geopolitical con -
cerns,  and persis tence.  Another  observer  has noted:  “In addi-
tion, just like surface forces, political restrictions could deter -
mine where aircraft  flew, when, and for what purpose.” He
points  out  that ,  75 years  later ,  a irpower remains s imilar ly
limited. His paper discusses airpower advocacy pitfalls,  as well
as the evolutionary,  or revolutionary,  questions senior leaders
dealt  with in determining the viability of a separate aviation
service.  The important  conclusion,  however,  is  that  separate -
ness  does not  equal  s ingular i ty .  “Wars are  fought  in  many
ways with many weapons.  Seldom is  one service used to wage
a campaign or  war ,  a l though one service  may be dominant  in
them. The nature  of  the  enemy and the war ,  the  object ives  to
be achieved, and the price to be paid by the people will  deter -
mine what  mil i tary  ins t ruments  wi l l  be  employed and in  what
proportion.”2 0
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Characteristics of Military Power

Regardless of the type of military power considered, they all
s h a r e  c o m m o n  c h a r a c t e r i s t i c s  w h i c h  r e p r e s e n t ,  i n  t h e
author’s view, diverse considerations capturing the essence of
military power. They are diverse yet interrelated, which re-
flects the association between military power and political will .
I t  i s  th is  re la t ionship  which,  in  the  end,  determines  the  use-
fulness of any form of mili tary power in any given situation.

The characteristics of military power include strategic agil -
i ty,  abil i ty to demonstrate commitment and credibil i ty,  eco -
nomic considerat ions,  mil i tary considerat ions,  and poli t ical
cons ide r a t i ons .  The  app l i c a t i on  o f  t he se  gene ra l  cha r ac-
ter is t ics  changes  as  the  s ta tus  of  forces  changes  f rom being
home based to deploying, to engaging in combat.* All of these
characteristics are essential to determine the political flexibil -
ity of applying the military element of power. Basic definitions
of these characteristics follow.

Strategic  Agility. Strategic agility refers to the ability to
respond rapidly,  over global  distances,  with appropriate capa -
bil i t ies to carry out operations in support  of  US international
in teres ts .2 1 This  concept  takes on even greater  import  as  US
forces are restructured and decreased,  while US global  inter -
ests ,  and possible  t rouble spots ,  increase.  Various “futures”
studies have noted the probabili ty of multiple conflicts in vari-
ous s tages of  resolut ion,  occurr ing in areas around the world
vital  to US national  interests .  Hence,  the abil i ty to respond
rapidly anywhere in the world with appropriate force is  a basic
requirement for effective military response, and is therefore
within  the  US nat ional  in teres t .

Commitment and Credibi l i ty .  The terms commitment a n d
credibility go hand- in-hand.  Commitment refers to the state of
being bound emotionally, or intellectually, to a course of ac-
tion or ideal.  The dictionary refers to it  as a pledge to act,
while credibility  t akes  th i s  concept  another  s tep  by  making

*Home basing does not imply US basing. Rather,  i t  denotes a force located in i ts
primary position, with all  of i ts required logistics for permanent operations and sus-
tainability. A fighter wing is home based if it  is at its primary location, e.g., Laken -
heath, United Kingdom, whereas a carrier battle group is home based if  i t  is  totally
integrated and sustainable—theoretically,  this  could be “on stat ion.”
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this  commitment ,  or  pledge to act ,  plausible .  For  instance,  the
perceived capabil i ty of US assets makes the actor the United
States wishes to influence believe the United States will  act on
a notion of international  interest . 2 2

In the past ,  these terms have been closely identif ied with
the concept of deterrence.  Thomas Schell ing,  in his work Arms
and Influence, ta lks  a t  length about  what  he terms “The Art  of
Commitment.” He frames his  argument in terms of the cold
war ,  and  pos i t s  tha t  an  adversary  must  be  communica ted
with effectively if one is to realize one’s strategy. If a country
has  gone to  great  lengths  to  inf luence  an  adversary ,  but  has
not communicated i ts  commitment or  credibil i ty to act ,  then i t
has fai led—the adversary remains uninfluenced.  Interest ingly,
in the cold war paradigm, Schelling suggests that to effectively
communicate  to  an adversary i ts  commitment  and credibi l i ty ,
the country must physically,  or morally,  put i tself  into a si tu -
ation from which i ts  only rational response is  to act .  In his
words, “Just saying so won’t do it .  What we have to do is to
get ourselves into a position where we cannot fail  to react as
we said we would—where we just  cannot help i t—or where we
would be obliged by some overwhelming cost of not reacting in
the  manner  we had declared .  Of ten  we must  maneuver  in to  a
posit ion where we no longer have much choice left .  Thus is
the old business of  burning bridges.”2 3 The paradigm of con -
ventional  terrestr ial  force commitment and credibil i ty has al-
ways included the not ion of  put t ing forces  at  r isk to  make a
point .  This approach remains valid today.

However,  this  thesis  suggests  not  an al ternat ive solut ion,
but  a  unique appl ica t ion of  these  concepts  as  appl ied  to  an
adjunct  force .  Such a  force  could demonstra te  commitment
and credibility for less Machievellian reasons. If a force were
“easy” to use—economical ly,  mil i tar i ly,  and poli t ical ly—it
would be engendered with commitment and credibi l i ty.  The
adversary  need  not  cons ider  tha t  US personnel  and  equipment
are  at  r isk to  prove credibi l i ty  and commitment;  ra ther ,  these
concepts would exist by US capability to apply force with little
regard to r isk of any kind.  This virtual  lack of r isk,  then,
becomes the mechanism to convince adversar ial  leadership of
US ability and willingness to act. This “third wave” concept is
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the anti thesis  of  the industr ial  warfare paradigm of proving
commitment and credibi l i ty through putt ing one’s forces in
harm’s way. 2 4

Economic  Considerat ions .  A discussion of the myriad of
issues involved in the fiscal realities of military forces is be-
yond the scope of this thesis.  However,  a more narrow focus
for this  paper is  akin to a USAF perspective:  the USAF seems
to believe the basic economic consideration for military forces
is the ability to efficiently allocate resources required to deploy
and employ capabil i t ies.2 5 Military forces are expensive and,
general ly ,  their  s ize  and capabi l i ty  demonstrate  the vastness ,
or  lack thereof ,  of  a  country’s  t reasure and internat ional  s tat-
ure .  One need only refer  to  present-day media  to  discern the
immense amount of fiscal resources involved in fielding a
credible and able fighting force. As  the United States down -
sizes i ts  mili tary and takes advantage of the “peace dividend,”
the susceptibili ty of US forces to physical loss or damage, or
increasing expense involved in deployment and operat ions,
weighs heavily into political decision making. When one is
comparing forms of military power by economic considera -
tions, many variables exist. Susceptibility of forces to loss or
damage,  research and development  costs ,  acquis i t ion costs ,
sunk costs ,  operat ional  costs ,  and associated costs  (manning,
infrastructure,  etc.)  are al l  considerations.

However, when considering the economics of military force,
one must  realize forces are bought and exist  for  two basic
purposes—as diplomatic tools  and to provide national  secu -
rity.  If  national security is at  risk, or serious diplomatic en -
deavors  are  in  jeopardy,  many of  these  cost  i ssues  may be-
come insignificant.  For example,  if  forces were used in the
interest  of a close ally,  or for operations upon which monu-
mental  nat ional  economic pr ior i t ies  exis t ,  economic argu -
ments  aga ins t  us ing  such  fo rce  may  be  mute .  Th i s  sa id ,
though,  i f  the same effects  could be rendered by an adjunct
force with fewer risks, regardless of diplomatic or national
securi ty priori t ies ,  this  would seem advantageous.

Military Considerations. The concept of military considera -
t ions is closely associated with economic as well as political
considerations. The susceptibili ty of a force to degradation or
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destruction is  the measure of i ts  mili tary vulnerabil i ty.  As the
USAF defines it,  survivability is the key, that is, the ability to
l imit  r isks.2 6 For a deployed force, this plays heavily into com -
m a n d  p l a n n i n g  f u n c t i o n s . 2 7 O t h e r  c o n s i d e r a t i o n s  i n c l u d e
training,  replacements,  loss rates,  family considerat ions,  me-
dia relat ions,  unit  cohesiveness,  and coali t ion dynamics,  to
name a  few.

Aside from these “negative” aspects, military forces are built
and maintained with one mission in mind—war f ighting. 2 8 As
d i s c u s s e d  p r e v i o u s l y ,  t h i s  m i s s i o n  r e l a t e s  t o  t w o  o b j e c -
tives—diplomatic util i ty and national security.  Sufficient num-
bers are planned for  at t r i t ion,  and advancing technology is
offered to increase force effectiveness, though fiscal realities
make such planning increasingly problematic .  Quali ty and ef-
fectiveness are hallmarks of US military forces,  though certain
contingents  cast  counter  dispersions.  Many quarters  pr ior  to
the Gulf War were doubting the effectiveness of high-cost US
weapon systems.  Such contingents were noticeably quiet  after
the war ended and US technological  superiori ty was widely
recognized.  The US mili tary has generally had quali ty training
and equipment  to  meet  most  cont ingencies—but  such asse ts
cannot make up for fallacious policy.

Polit ical  Considerations.  The effect of the above considera -
tions rests f irmly on the poli t ical  fulcrum. As economic and
military considerations ebb and flow, so too do a nation’s
po l i t i ca l  cons idera t ions .  A  na t ion’s  po l i t i ca l  fo r tunes  a re
closely t ied to i ts  economic and mili tary robustness.  Hence in
the end,  the susceptibi l i ty of  a  nation’s economic health and
military power to degradation affect the nation’s political vi -
abili ty.  This interrelationship is one of the most crit ical and
absorbing problems of  s tatesmanship—it  involves the securi ty
of  the  nat ion and,  in  large measure ,  determines  the extent  to
which the individual may enjoy life, l iberty, prosperity, and
happiness . 2 9 Other valid political considerations include media
relations,  public relations,  and world geopolit ical dynamics
(al l iances,  coali t ions,  neutral ,  gray,  third party states,  and
enemy states).

Regarding the  counter  argument ,  a  successful  mil i tary  op-
eration generally results  in great  poli t ical  benefits ,  thereby
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mitigating any negative considerations that  may have existed.
For  example,  President  George Bush was inundated with cau-
t ious overtones from many poli t ical  quarters  prior  to the be-
ginning of hostilit ies in the Gulf.  Many deemed the political
considerations of such an operation too costly. However, after
successful ly engaging his  forces,  the same man was regaled
f rom the  same quar te rs ,  and  more ,  for  h i s  as tu te  s ta tesman-
ship and poli t ical  guts.  The president’s polls  were the highest
of any president  in recent  memory—some showing approval
rat ings as high as 90 percent .  Poli t icians can r ide the wave of
popularity following successful military operations, or can be
swept  up in  the despair  of  a  nat ion which uses  i ts  forces  less
than effectively.

With these basic defini t ions,  this  work considers how each
characteris t ic  applies  to forces on a continuum of deployment.
Terrestr ial  force character is t ics  are discussed as  the force
moves  f rom home base  to  deployment  and engagement .  The
work then discusses  how these  same character is t ics  apply  to
two variations of space forces—current fielded forces and cur-
rent technologically feasible forces. The first analysis is of a
terrestrial force located at its home base (fig. 15).

Terrestr ial  Home-Based Forces  and Strategic  Agi l i ty .
Generally, a terrestrial force enjoys i ts  maximum responsive
capability when based at home. Upon receiving mobilization
orders,  and generat ing to deployable status,  the force is  ready
to be deployed anywhere in the world at  varying rates.  Obvi -
ously,  ground forces must be either airl if ted or sealif ted to an
area of concern,  and this process takes t ime—given a rela -
tively large force commitment,  this period could be weeks to
months.  Wings or  squadrons of  f ighter ,  at tack,  bomber,  or
reconnaissance a i rcraf t  can be in  place  with  large amounts  of
firepower within a theater of operations in probably the short -
est  t ime for terrestrial  forces—within hours to days.  Naval
assets ,  depending where they are located when the decision is
made to deploy them, are available anywhere from within
hours to days to weeks.  General ly,  to generate a  large enough
force to be decisive in any contingency, the deployment t ime
will be days to weeks for naval forces.
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“At home” for a naval carrier task force could in reality be
“deployed” if such a force is integrated and sustainable in its
location. If this force is not located at exactly the proper spot,
relocating such force could take days to weeks. Sustained opera -
tions require arrival of more combat and support forces. How -
ever, naval forces themselves have theoretically indefinite sus -
tainment capability, given effective replenishment.

Terrestrial  Home-Based Forces and Commitment/Credi-
bility.  On the other hand,  while terrestr ial  forces r e m a i n  a t
home,  the  commitment  of  the  nat ion to  respond to  cr ises  and
its credibil i ty with i ts  al l iances/coali t ions,  and i ts  adversary,
is  a t  an ebb.  The nat ion’s  potent ial  adversary may remain
unimpressed and affected by only whatever diplomatic rheto -
ric is  exchanged. Even if  the rhetoric includes outright or
veiled threats  of  mili tary response,  the adversary may not
perceive the intention of the communication.

Terrestrial Force Characteristics

Home-Based Forces:

Terrestrial Power Characteristics

é Strategic Agility

ê
Commitment/Credibility

- Economic     
 Considerations

- Military Considerations

- Political      
 Considerations

Home Deployed Engaged

Note: The use of arrows in Figures 15 through 18 are meant to indicate the significance of the issues
associated with them. While é Strategic Agility means increasing strategic agility and é Commitment means
increasing commitment, é Economic, Military, or Political Considerations means that the considerations
discussed are of heightened importance. The length of the vectors denotes relative magnitude.

Figure 15. Continuum of Operations and Characteristics
of Home-Based Terrestrial Forces
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A force st i l l  at  home may demonstrate an unwill ingness to
react militarily. (Nuclear alert forces are the exception, al-
though the threat  of  their  use in  most  regional  cont ingencies
is  regarded by adversaries as low.)  The reasons for  nonreac-
tion could be many, most of which could actually be valid
domestic ,  nat ional ,  or  international  concerns.  However,  the
percept ion by the  concerned par t ies  is  the  same—a fundamen -
tal  lack of commitment and credibil i ty to react with sufficient
force to stem the t ide of an international  event.

Terrestrial  Home-Based Forces and Economic Consid-
era t ions .  Economic  cons idera t ions fo r  home-based  fo rces
tend to be neutral .  General ly,  the cheapest  basing mode for  a
terrestr ial  mil i tary force is  at  home. Units  at  the home base
subs is t  on  a  sys tem that  i s  in tegra ted ,  s t reamlined,  and rea -
sonably efficient. Units train effectively and efficiently based
on many years of experience.  Historically,  accidents result ing
in  dead and in jured personnel ,  as  wel l  as  des t royed and dam-
aged equipment,  are lower while a  unit  is  home based. 3 0

The personnel  and equipment  are  mainta ined most  eff i -
cient ly in this  mode as  well .  The resul t  is  that  nat ional  t reas -
ure remains relat ively unaffected.  The force is  maintained
with in  budgetary  const ra in ts  mandated  by government ,  and
no “surge” funding is  required to meet  unanticipated needs.
The force is  most  easi ly maintained combat-ready at  home.

The exceptions to this concept include possible funding of
US operations by another party,  though few operations involv -
ing US forces have been sufficiently funded by another party
to negate a loss to US budgets.  At t imes,  training experience
can be better at deployed locations, for example Red Flag,
though records indicate loss rates are generally higher.  How -
ever,  higher loss rates do not  necessari ly negate the added
value of  such training.  Another  exception is  that  home-based
forces could be attacked either by another nation’s forces or
by terrorists.  If  attacks on home-based forces are broad, well
targeted,  and successful ,  the economic impact  on the nat ion
could be quite immense.  However,  i f  such an at tack were to
escalate into a war with the nat ion’s survival  at  r isk,  the
impact  on the  nat ion’s  economy by an a t tack on i ts  home-
based forces would be a relatively minuscule concern.
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Terrestrial  Home-Based Forces
and Military Considerations

Military considerations for  home-based forces tend to be
neutral as well .  Obviously,  the susceptibili ty of a terrestrial
force to damage or  defeat  is  almost  nonexistent  when i t  re-
mains  a t  home and  the  count ry  i s  no t  a t  war .  On the  o ther
hand,  the force is  usually not  operat ionally viable in such a
position. (Exceptions include carrier task forces and certain
airpower capabilities.)

Mil i tary assets ,  both personnel  and equipment ,  are  in  their
least  suscept ible  s tate  when based at  home.  The except ion to
this  concept  would be a  nat ion that  exper iences  a t tacks  on i ts
mil i tary forces within i ts  own borders.  In this  instance,  the
fact  that  forces  remain in  an undeployed s ta te  actual ly  makes
them more  l i ab le  to  degrada t ion  f rom an  a t tack ,  and  the
chance that the force will  be degraded or destroyed is higher
than if  the forces were deployed. The military impact of such
an occurrence could have drast ic  consequences.  I f  the  a t tack
was but a prelude to a full-scale war with the nation’s survival
at stake, the impact of the susceptibili ty of the nation’s forces
to  such an a t tack would be  great  indeed.

Terrestrial  Home-Based Forces and Polit ical  Considera-
t ions .  As economic and mil i tary considerat ions remain neu -
tral  for home-based terrestr ial  forces,  so too do the poli t ical
considera t ions .  The suscept ib i l i ty  of  the  nat ion’s  pol i t ica l
realm to domest ic  as  well  as  internat ional  outcry and indigna-
tion is low—so too is the chance for great political windfall
given a successful military operation. As a result ,  the polit ical
leadership of the nation remains relatively flexible in use of
terrestrial armed force. For example, there is often the litt le
public outcry as home-based military forces are mobilized to
he lp  wi th  na tu ra l  and  man-made  d i sas te r s .

Considering the except ion,  as  noted in the above discus-
sion, if  the home-based force were to suffer degradation or
destruct ion from an at tack,  pol i t ical  considerat ions could sky-
rocket.  Again, if  the nation’s existence were at stake, this
would be of l i t t le  regard.  However,  i f  the at tack was but  a
nuisance operat ion to demonstrate  resolve or  capabil i ty,  the
leadership of the nation could experience great  disrepute.  The
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dangerous  consequence  might  be  an  inappropr ia te  use  o f
force in reaction to the humiliation, thereby escalating oppor -
tuni t ies  for  drast ic  occurrences .  This  paper  now turns  i ts  a t -
tention to terrestrial forces in a deployed state (fig. 16).

Terrestrial Deployed Forces and Strategic Agility.  As ter -
restrial forces  leave  the i r  home base  and are  commit ted  to  a
theater of operations, their capability of redeploying to yet
another  theater  decreases .  There  are  many aspects  to  th is
dilemma. First ,  i f  a  force is  committed to a theater  to carry out
the lavishes of its political leadership, the wish to relocate it
supposes a  severe reason to do so.  Doing so may resul t  in
unachieved objectives in the original  theater.  Second, as US
forces are drawn down, the amount of force required to effect
desired outcomes becomes crit ical.  Theoretically,  if  just  the
right amount of force exists in a theater,  moving any of i t  to
another  theater  could resul t  in  e i ther  defeat  or  unwarranted
losses in both theaters.  Third,  once a force is  deployed and in
place, it  becomes physically difficult to relocate it  to another
area by virtue of logistics requirements.

Terrestrial Deployed Forces and Commitment/Credibility.
As US forces are deployed into harm’s way, commitment a n d
credibility of US resolve increases. Friends and enemies alike
realize the significance of US leadership deciding to jeopardize
personnel ,  equipment ,  na t ional  t reasure ,  and domest ic  and

Deployed Forces:

Terrestrial Power Characteristics     

  ê Strategic Agility

  é Commitment/Credibility

  é Economic Considerations

  é Military Considerations

  é Political Considerations

Home Deployed Engaged

Figure 16. Continuum of Operations and Characteristics
of Deployed Terrestrial Forces
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international goodwill  by sending forces into a theater of op-
era t ions .

The deployment of forces heralds the increased capability of
the United States to react.  I t  is  the perception of this in -
creased capabil i ty  that  is  the bulwark of  demonstrat ing com -
mitment and credibili ty.  The perception of US resolve, both by
friends and adversaries,  is  greatly increased by the deploy-
ment of forces.

Terrestrial  Deployed Forces and Economic Considera-
t ions.  As forces are deployed, economic costs of all kinds tend to
increase.  No longer  is  the force sustained by a  system whose
efficiency has been honed through years of use.  Field condi-
t ions  demand addi t ional  housing,  food,  water ,  t ransporta t ion,
medica l  care ,  maintenance ,  and o ther  th ings  as  these  func-
t ions  must  now be afforded apar t  f rom an es tabl ished base .
The force cannot necessari ly be maintained within i ts  legal
budgetary constraints.  The possibil i ty of additional funding to
ensure adequate operat ions increases dramatical ly .

Historically, the accident rate for military forces increases
as they deploy into unfamiliar  terr i tory.  Emotions run high,
units  tend to train more “realist ically,” crews are not operating
in  terr i tory  or  under  condi t ions  they are  used to .  In  such a
s ta te ,  equipment  tends  to  break  down and personnel  tend  to
be injured or  ki l led more than when forces  are  home based.

Main tenance of  equipment  becomes more expensive and
problematic at  deployed locations.  Major and minor mainte -
nance on equipment  becomes more diff icul t .  Depots  exist  half
a  world  away,  and industry  technical  representat ives  are  not
always immediately accessible. Equipment is fixed with what
was brought with the force. If the proper tool or part is not
available, the entire system remains unusable. Inefficient trans -
portation practices are put into use to field important parts and
ensure rapid repairs.  Cost increases as the distance from the
home base increases for terrestrial forces. These costs are varied
and span the spectrum of mili tary requirements.

It can be argued that economic considerations would be of no
import if the act of deploying forces deterred war. This would be
true given an electorate fully cognizant of essential facts and
politicians willing to risk such an act. Given a situation where

BILLMAN

533



deployment of forces successfully deterred war, even though
costs were high in lives, equipment, and treasure, it would be
difficult to prove that it was simply the act of deploying such
force which resulted in peace. In fact, such a situation seems
much too simple. Even with deployed force, it remains the
dynamic of diplomacy which results in peace. With US media
coverage, the loss of treasure, lives, and equipment would be
on the minds of Americans, even though peace may be at
hand. However, if one considers military forces exist to fight,
and fighting generally connotes deployment of US forces, and
deployments general ly connote economic losses,  which are
therefore accepted, this argument falls apart.  In other words,
a nation will tolerate the loss of national treasure if forces are
properly deployed and engaged with successful results.

Terrestrial Deployed Forces and Military Considerations .
The susceptibility of US terrestrial forces  to attack in creases  as
the force deploys to a theater  of  operations.  Forces are outside
of the protective boundary afforded by US airspace and sea
buffers and are nearer the enemy forces’ capabili ty to strike.
Terrorist  or unconventional warfare forces can also attack
with greater ease once US forces arrive in theater.  As with
economic considerat ions,  as  the distance increases away from
the home base,  mil i tary considerat ions of  US forces increases.
Both of these considerations affect US polit ical considerations
as well.

However,  this  susceptibi l i ty may be a must  consideration if
one considers that  mili tary forces exist  to fight,  and to fight
US forces are generally deployed, and deployments tend to
r isk  degradat ion and des t ruct ion.  With  such a  not ion,  the  fac t
that  mili tary forces may be degraded or destroyed has l i t t le or
no significant  impact on the decision to use them—for they
exist  to be used.  The risk of their  destruction or degradation is
of l i t t le  significance,  the argument goes,  because such prob-
lems have been planned for in force structure and effective -
ness  decis ions.  This  argument  is  more convincing on paper
than in real i ty.

Terrestrial Deployed Forces and Political Considerations .
If deployed US forces demonstrate a heightened importance of
economic and mil i tary  considerat ions  more  than when they
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are at  home, then so too do US polit ical leaders’ considera -
tions increase in significance. If  US national wealth becomes
suscept ib le  to  increased diminut ion,  and US personnel  are
put at  increased physical r isk,  US polit ical  leaders begin to
walk a f ine l ine as they carry out  nat ional  policy by using
terrestr ial  armed forces.

It can be argued that this point is only true if the political
objectives for deploying forces are not achieved. If they are
achieved, it is argued, the deployment of forces actually allows
for the potential of enormous political gains. The question that
must be answered for this point to be valid is, “Are politicians
willing to take this risk, based on recent deployment track re-
cords?” If US public opinion still had events like Vietnam, Desert
One, Somalia, or Bosnia on its mind, this line of reasoning
seems debatable.  Events such as Hait i  and Grenada could be
looked at either way, while the initial public reaction to the
result of Desert Storm could support this line of reasoning.

Terrestrial  Engaged Forces and Strategic  Agi l i ty .  E n -
gaged force characteristics tend to mimic deployed force char -
acteristics, but with greater impact (fig. 17). The concept of
decreased strategic agili ty that held for deployed terrestrial
forces holds true for engaged terrestrial forces as well.  How -
ever,  the extent to which strategic agil i ty is  decreased is  much
larger.  I t  becomes much more difficult  to move terrestr ial
forces to another  theater  once they are engaged.  The problems
of just  disengaging the forces are so immense—politically,
militarily, and logistically—as to prohibit the thought of rede-
ploying them elsewhere.

Terrestrial Engaged Forces and Commitment/Credibility.
Commitment and credibility rapidly rise exponentially when
forces are engaged in combat. The adversary and the alliance
partners become strong believers in US resolve. The ultimate
expression of resolve is to put national resources, such as lives
and equipment, into direct contact with the enemy.

Terrestrial Engaged Forces and Economic Considerations.
Unfortunately, as commitment and credibility rapidly increase
as forces come into contact, so too does the susceptibility to
losing vast amounts of national wealth.  Present and future
weapon systems are exceedingly expensive, and operators of
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these systems are ever more highly trained.  The economic
impact  of  their  losses  is  great ,  and the chances  that  th is
impact will  be felt  rises rapidly as terrestrial  forces meet the
enemy. War is  always costly,  but i t  continues to be waged
because costs of not waging it  are perceived to be high. The
other  counter  arguments  remain the  same as  for  deployed
forces.  The point  is ,  however,  that  i f  these considerations and
costs  can be mit igated,  they should be.

Terrestrial Engaged Forces and Military Considerations.
As with economic considerations,  the susceptibil i ty of losing
military forces is exponential once rounds begin to be ex -
changed in  the  terres t r ia l  bat t le  space.  As weapon systems
become ever  more  complex  and  expens ive ,  the i r  numbers
dwindle. Therefore, each one becomes more militarily valu able.
The loss of each system, and/or the highly trained op erator,  is
that  much more  mil i tar i ly  s ignif icant .  On the  other  hand,
such systems and soldiers  are meant  to f ight ,  therefore their
loss is  generally accepted as attr i t ion,  and properly planned
for in force structure debates.  Hopefully,  this  is  t rue and the
planning is  accurate .

Terrestrial  Engaged Forces and Political  Considerations.
As with the previous discussion, the polit ical vulnerabili ty as -

Engaged Forces:
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Figure 17. Continuum of Operations and Characteristics of
Engaged Terrestrial Forces
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sociated with forces engaged in combat is  quite high.  The
moral and economic impact of one’s forces engaged in combat
bring with it  a high susceptibility of political leadership to
r idicule  and blame.  As American mothers’  sons and daughters
are injured and kil led,  and media coverage of civil ian casual-
t ies—even large amounts of enemy troops—is broadcast  into
American homes,  domest ic  moral  outrage could be qui te  high.
Even without a protracted conflict  to drain US coffers,  domes -
tic opinion of losing large amounts of high-cost weapon sys -
tems will  begin to emerge. The sum of this discontent will  fall
squarely on the shoulders of US elected officials—most of
whom are  interested in  cont inued employment  and prest ige.

Obviously,  this applies only to perceived losers.  President
George Bush’s 90 percent  populari ty rat ing in the wake of the
Gulf War is evidence of the enormous political boon “winning”
entails .  The question remains,  however,  are most poli t icians
wil l ing to take such a  r isk? The United States  was considered
the out-and-out  winner  in  Kuwait ,  but  what  were public  per -
ceptions regarding Korea,  Vietnam, El Salvador,  Desert  One,
Panama,  Somal ia ,  and Bosnia?  I t  seems that  wi ldly  successful
campaigns are  far  outnumbered by perceived quest ionable  or
outr ight  poor  resul ts .

Comparative Space Power Characterist ics

With all of this said about terrestrial force characteristics
across the spectrum of deployment, how are space power’s char -
acteristics affected on this same continuum? Where does space
power fit on this continuum? Certain space forces constantly
exist somewhere between the deployed and engaged states. This
assumes the asset  is  successfully launched and placed into
proper orbit.3 1 In such a location, the asset is deployed. From
such a deployed location, the asset can engage.

A case  could  be  made,  however ,  that  space  assets  are  a l-
ways engaged.  This  concept  s tems f rom the  idea  that  space
power,  due to i ts  posi t ion,  is  constant ly present  in the mind of
all ies and potential  adversaries.  Force can be immediately,  or
relatively rapidly, employed in concert  with or against an ac-
tor—either virtually or really (much like terrestrial nuclear
alert  forces).  This concept is termed presence .
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The question for space power today is:  What forces can be
brought to bear? What capabil i t ies  are “present” in the mind
of the actor? As previously discussed, space power is l imited
today in what “force” it can provide. This limitation, however,
is  not  due to technological  l imitat ions as much as poli t ical
considerations.  Regardless,  the l imits  are real .  Such l imita -
t ions,  however,  do not negate the applicabil i ty of this analysis.
To the  contrary ,  th is  analys is  may demonstra te  the  advan-
tages of fielding such capabilities.  To demonstrate this,  mili -
tary force characterist ics will  be discussed as they apply to
space power both in current  capabil i t ies and in technologically
feasible,  projected capabilit ies.  The delta between these vari-
at ions could demonstrate  the advisabi l i ty  of  pursuing current ,
technologically feasible capabilities from economic, military,
and pol i t ical  s tandpoints .

Space Forces  and Strategic Agil ity.  Being forward de-
ployed,  and due to physical  capabil i t ies associated with the
medium, space power entai ls  a responsive capabil i ty.  Satel-
l i tes  in  geosynchronous orbi t  can mainta in  a  constant  pres -
ence over a specified area for years at a t ime. Even in low
earth orbit ,  constellations of satell i tes could work in unison to
effectively influence areas separated by vast  overland dis -
tances.  Satel l i tes  can also be moved.  Though today this  proc -
ess is slow and expensive in fuel requirements,  technological
developments in solar energy collection, conversion, and stor -
age offer new possibilities. The size of satellites is also being
reduced,  correspondingly reducing the energy requirements to
make them maneuverable.  Additionally,  concepts of directed
energy t ransfer  and reusable launch vehicle  resupply are  on
the drawing board or in development.  The vantage of space
al lows a  broad footpr int  that  cont inues  to  grow and be more
maneuverable.  Even if  moved only degrees per day, that foot -
print  casts a large effective area.

Given today’s standing space force agility capabilities de-
scribed above, as well  as emerging capabili t ies,  no longer
would the US mili tary and policy makers be restrained from
engaging elsewhere when their  forces are deployed or engaged
in one area of the globe. US space forces retain strategic agil -
ity to affect virtually any area, any time. This agility is condi-
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t ional,  however.  If  the resource is self-reliant,  or not support -
ing a terrestr ial  system, i t  maintains i ts  maximum agil i ty.  If
the  system supports  a  ter res t r ia l  sys tem,  for  example  cueing
sensors, i t  then is limited by the terrestrial system’s agility,
unless  i t  retains a  capabil i ty to support  mult iple ,  geographi-
cal ly separated terrestr ial  systems.

Except  for  current  systems already on orbi t ,  much of  this
argument  i s  mute  i f  the  Uni ted  Sta tes  does  not  pursue  tech -
nologies now in development to ensure rapid,  responsive,  af-
fordable space lift.  Without a capability to place forces into
proper posit ion rapidly and affordably,  be i t  orbital  or suborbi-
tal,  space power’s strategic agility is limited to present on-orbit
assets .  Shutt le  missions to repair  satel l i tes  or  place assets  in
orbit  are prohibi t ively expensive and t ime consuming,  thereby
driving up economic,  mili tary,  and polit ical  considerations.

Space Forces  and Commitment /Credib i l i ty .  The para -
digm of putt ing forces at  r isk is  replaced with the notion that
exactly because forces are not at  r isk,  the plausibil i ty of use of
such force increases ,  thereby increasing the not ion that  US
policy makers will  use it—commitment and credibility.  On or -
bit ,  space forces can be thought of as always deployed, or in
certain instances,  even engaged. Adversaries no longer need
quest ion US commitment.  No longer do cost ly deployments of
personnel  and equipment  need be  carr ied  out  in  a  show of
force. With space power, the force exists on station, all  the
time, or at  least  can get  on station very rapidly—depending on
space force basing modes.  Given space assets  which are  tech -
nologically feasible today, the commitment and credibility of
such a  force  is  inherent .

The degree of commitment and credibility, however, is lim -
ited by today’s actual  space forces.  The lack of  an autonomous
force application capability to directly influence an actor miti-
gates the forces’ abil i ty to demonstrate commitment and credi-
bility. (This capability need not even require kinetic or directed
energy weapons; information warfare systems would be suffi -
cient ,  perhaps even superior .  In  this  information age,  such
systems could influence technologically advanced adversaries
just  as well ,  if  not better,  than more conventional weapons.)  In
other  words,  though cer ta in  space forces  are  considered by an

BILLMAN

539



actor (reconnaissance platforms, for example),  their lack of
abili ty to influence directly requires the old paradigm of put-
t ing terrestrial  forces into harm’s way to demonstrate US com -
mitment and credibil i ty.

Space  Forces and Economic Considerations .  Today’s ac-
tual space forces, as well as those technologically feasible, do
not  require  escala t ing support  and operat ional  costs  upon de-
ployment and engagement (as do terrestr ial  forces) .  The ma-
jor i ty  of  space  power  costs  are  those  incurred as  sunk costs ,
that  is ,  paid at  and pr ior  to  acquis i t ion.  Maintenance costs
and life cycle costs can be drastically reduced with a l ift  capa -
bility allowing either on-orbit replenishment, or rapid, contin -
gency-oriented delivery capabil i ty,  such as a t ransatmospheric
vehicle or a reusable single-stage-to-orbit  system.3 2

The cost  of  a t tack on home-based space power resources
depends on the systems’ basing modes.  Orbi tal  systems,  obvi -
ously,  are  least  affected by such an at tack,  unless  the  systems
are  s ingular ly  t ied  to ,  and re l iant  upon,  a  ground-based s ta -
t ion.  Reusable systems are most  vulnerable to  this  s i tuat ion
and efforts  are required to minimize this chance.  Today’s
fielded technology presently requires widely dispersed ground
stations,  some well  outside of the protective boundaries of the
United States.  This presents a significant security problem for
today’s US space assets.  Considering the presently available
technology,  such bases could be maintained well  inside US
territory, allowing worldwide control via constellation intercon -
nectivity, providing maximum security. 3 3

Problems with space forces include their extremely high in -
i t ial  cost .  The loss of one such asset  would be fel t  much
deeper than the loss of multiple terrestr ial  force resources.
This fact  calls  for the early establishment of a space control
capability to ward off such possibilities. As with airpower,
superiority of the medium is crucial  to the abili ty to operate
from the medium. It  also calls for rapid realization of cheap,
responsive lift.

Space  Forces and Military Considerations.  Like home-
based terrestrial  forces,  the susceptibili ty of space power as -
sets to damage or defeat is relatively lower than deployed or
engaged terrestrial  forces.  This implies a US space control
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capabil i ty  to negate any space-borne,  or  surface-based capa -
bil i ty against  US space systems. If  the United States would
attempt to influence a space-capable actor ,  that  actor’s  pos -
session of an antisatel l i te  weapon could negate the concept of
US space power’s lower susceptibili ty to degradation and de-
struction.  Such an antisatel l i te  system is  technologically feasi-
ble  today,  though unclassi f ied sources  indicate  that  none have
been fielded. Additionally, as previously discussed, minimizing
foreign-based ground stat ions can negate  securi ty  problems.
Technologies presently exist to minimize this risk, allowing
ground stat ions to be located within the contiguous United
States,  relaying data along constel lat ions.

Tied directly to economic considerations, relatively fewer
space assets  can be deployed as compared to terrestr ial  as -
sets .  This is  due to high cost ,  as well  as the multiple-capabil -
i ty characterist ic of space assets.  Both of these issues could
cause the loss of just  a few space assets to adversely affect
mil i tary operat ions—much more so than the loss of  s imilar
numbers  of  ter res t r ia l  assets .  Again ,  such a  fact  harkens  the
need for early space control capability and rapid, reliable lift
capability.

Space Forces  and Pol i t ical  Considerations.  Due  to  t he
rela t ively low economic and mil i tary considerat ions  space
power resources enjoy,  as  compared to deployed and engaged
terrestrial  forces,  the polit ical repercussions of util izing such
assets is  correspondingly lower.  Whereas policy makers have
to contend with possible loss of troops’ l ives when considering
deploying or engaging terrestrial forces, the use of space forces
carries no such political liabilities when considering unmanned
assets,  and li t t le chance of political l iabili ty when considering
manned assets.  As Maj Gen Roger G. DeKok, Air Force Space
Command’s director of  Operations and Plans,  remarked,  “Sat-
el l i tes have no mothers.”3 4

Given today’s technologically feasible capabilities, as well as
today’s fielded systems, the inherent lack of political problems
with using space power is instrumental in making it  an ex-
tremely flexible political tool of national power. It can be used
with little regard to political ramifications at home in many
situations previously deemed as too politically sensitive. Na tional
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policy decisions no longer need to be restricted by visions of
the media displaying dead Marines being dragged through the
streets of a foreign land. Space power can complement and
suppor t  the  o ther  e lements  of  power  whi le  not  increas ing
chances of early US withdrawal due to loss of life or equip -
ment. This fact makes it more plausible in the mind of the
enemy that the US will act, and that equates to deterrence.

On the other  hand,  as  with  other  considerat ions ,  due to
economic and mili tary implications of losing just  a few space
assets,  poli t ical  ramifications of such a loss are high,  though
remote.  Space control  remains a high economic,  mil i tary,  and
political priority if deploying a space capability. Today, without
this space control capability,  political,  economic, and military
ramificat ions of  losing space power advantages to a space-
capable adversary could be high.  Considering the high degree
of space support  terrestr ial  systems have come to rely upon,
loss of such capabili t ies could be disastrous. Additionally,  this
degree of reliance is increasing.

There is  a clear difference as the characterist ics of space
power  apply to today’s actual space force and to today’s tech -
nologically feasible space force. That difference demonstrates
the  need to  pursue  space  contro l  capabi l i t ies  tha t  a re  techno-
logically feasible. Today’s actual space forces have a balance of
a d v a n t a g e s  a n d  d i s a d v a n t a g e s  w h e n  c o m p a r e d  c h a r a c-
teristically to terrestrial forces. Conversely, the space force
that  is  technological ly feasible today and in the near  future
seems to  demonstra te  many character is t ic  advantages  and few
disadvantages when compared to terrestrial  forces (fig.  18).

Risk management is  the hal lmark of  mil i tary character is t ics
as  they apply to  space power.  Space power,  due to  i ts  inherent
characteristics of nonprovocativeness of position, decreased
economic, military, and polit ical considerations, coupled with
increased s trategic agi l i ty  and demonstrat ion of  commitment
and credibili ty,  can act to influence  entit ies with decreased
risk as compared to terrestr ial  forces.  To a certain extent  this
is true given today’s fielded space systems, though limitations
previously discussed,  such as a lack of force application capa -
bilities, mitigate the realization of some benefits.  The benefits
that  space power br ings to  the diplomatic  forum seem to be
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great  as compared to terrestr ial  forces by the characterist ics of
strategic agil i ty,  abil i ty to demonstrate commitment and credi-
bili ty,  and economic, military, and political considerations.

Many of  the considerat ions discussed with regard to terres -
trial forces were moderated by views that military forces exist
to deploy and fight .  Such views hold that  since this  is  so,  the
forces’ economic, military, and political considerations need
not  regard their  degradation or  loss as  a  primary l imit ing
factor  in  their  use.  While  this  not ion has credence,  i t  remains
true,  i t  seems, that  the abil i ty of an adjunct force to affect  an
actor  in  a  s imilar  way,  but  without  r isking such loss  or  degra -
dat ion,  has  great  advantages .  Though such a  force  does  not
totally exist today, due to space power’s lack of ability to apply
force, i t  does not follow that such a capabili ty should not be
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sought.  In fact ,  from an analysis  of  mili tary characterist ics as
they apply to terrestrial  forces,  today’s actual space force,  and
to a space force technologically feasible today, i t  seems such a
force would be beneficial  and should be sought.

Summary: Political Flexibility

I t  is  said that  the mili tary is  the extended arm of diplomacy.
Inherent in this concept is political flexibility to use military
force. If the domestic or international political ramifications of
using military force are too great,  the l ikelihood that govern -
ment will resort to it  seems low. This notion is modified, how -
ever,  when considering a fight for national survival or in op-
erat ions  of  s imilar ly  great  import .  In  other ,  more  rout ine
operations,  if  left  without this sometimes last  recourse,  gov-
ernment  could be lef t  impotent  to  inf luence events ,  and may
be forced to s tand by and observe events  which are counter  to
nat ional  interests .

This political inflexibility results from many factors. Consid -
er ing recent  cr ises  the  Uni ted States  has  been embroi led in ,
however,  i t  seems economic, military, and polit ical considera -
t ions  are  paramount .  The problems,  as  wel l  as  advantages ,
inherent  with terrestr ial  forces and these factors  have been
discussed. As the probabili ty of actual military confrontation
increases,  so too do the significance of the considerations.
Hence, the polit ical flexibili ty to use the military instrument
tends to decrease.  However,  due to some of the advantages of
space power discussed above (tempered by today’s l imitat ions,
and bolstered by today’s technological capabilities),  these con -
s iderat ions  can be  dras t ical ly  reduced across  the  spectrum of
military action. This decrease allows much more political flexi-
bility, thereby allowing the government another realistic diplo -
matic  tool  with  which to  ensure US nat ional  interests  are  met .

Conclusion and Implicat ions
Victory smiles upon those who anticipate the changes in the
c h a r a c t e r  o f  w a r ,  n o t  u p o n  t h o s e  w h o  w a i t  t o  a d a p t
themselves after the changes occur.

—Giulio Douhet
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Now is the time to take longer strides—time for a great new
American enterprise—time for this nation to take a clearly
leading role in space achievement,  which in many ways
holds the key to our future on Earth.

—John F .  Kennedy

The introduction of new military capabilities often involves a
rethinking, a mental jump to entirely new concepts. It  is not
a question of doing something better, it is a question of
doing something di f ferent .  Not  everyone can make this
mental  jump.

—Gen Merrill McPeak

This  thes is  demonstra tes  that  space power  is not inherently
l imited.  Space power has the potential  to be a ful ly functional
arm of national mili tary power.  However,  to realize such bene-
fi ts ,  the United States must  develop doctr ine to real ize ad-
vancing space technologies,  thereby allowing full  space access
and exploit ive abil i ty across the mission spectrum. This last
sect ion deals  with some implicat ions requir ing fur ther  thought
by US leadership.  A basic change of thinking is  needed re-
garding future US space capabil i t ies ,  both in how we think
mili tar i ly about  space and how we think f iscal ly about  space.
US space doctrine,  currently reflecting space power’s subordi-
nate role, needs to be more forward-reaching. Billy Mitchell
once remarked about short-sighted doctr ine:  “National  safety
would be endangered by an air  force whose doctr ine and tech -
niques  are  t ied solely  to  the equipment  and processes  of  the
moment .  P resen t  equ ipment  i s  bu t  a  s t ep  in  p rogress ,  and  any
air  force which does not keep i ts  doctrine ahead of i ts  equip -
ment ,  and i ts  vis ion far  into  the future ,  can only delude the
nation into a false sense of security.”3 5

Space Power Is  Not Inherently Limited

Space power  has been evolving much like airpower. Airpower
has evolved into a military power capable of the independent
application of influential force, while retaining its advantages as
an integrated part of the overall US force structure. Space power
is a viable force today as part of this structure, in that it is used
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to support all of the terrestrial military arms—and this sup-
port is increasing. However, it seems presently stymied as
purely a supporting force, with no aggressive trend toward
realizing greater independent military potential. While early
airpower doctrine generally seemed to consider ever greater
capabilities than were presently available, today’s space power
doctrine seems to reflect its stymied position. Past and current
t e c h n o l o g i c a l  p r o j e c t s ,  h o w e v e r ,  s e e m i n g l y  d e m o n s t r a t e
greater available space power potential.

Space is a physically unique medium as compared to terres -
trial mediums. Its physical attributes seem to demonstrate its
ability to affect all other war-fighting mediums. Its encompass -
ing nature ensures access to all other mediums, while its ability
to exploit gravity, vice fight it, gives it a natural energy advantage
over other mediums. Its lack of atmosphere—while limited in
certain respects due to heat, radiation, cold, and so forth—re-
quires less energy to be spent for maintaining operational posi-
tioning. Airpower’s advantages over the other terrestrial medi-
ums include vantage and speed of access.  Space power realizes
these over  the  other  mediums,  and over  the  a i r  as  wel l ,  by
orders-of-magni tude.  Space power’s  physical  a t t r ibutes ,  as
they compare to  other  war-f ight ing mediums,  bel ie  nothing
that systemically or inherently l imits i ts  abil i ty to be a mili tary
force able to fully function across the mission spectrum.

A comparison of how military characteristics apply to to -
day’s terrestrial forces , today’s fielded space forces, and to -
day’s technologically feasible space forces illustrates a rela -
tively large difference in limitations and advantages realized
by one form of space force as opposed to another. Today’s
f ie lded space  forces  demonstra te  cer ta in  advantages  when
compared to  terres t r ia l  forces .  On the other  hand,  a  compari-
son of terrestrial  forces to today’s technologically feasible
space forces  i l lus t ra tes  an even greater  number  of  advantages .
The del ta  between these two comparisons seems to  demon -
strate  that  space power is  not  inherent ly l imited when com -
pared, by mili tary force characterist ics,  with terrestrial  forces.
In fact,  i t  seems space power can actually be more polit ically
useful  in most  s i tuat ions—though i t  is  acknowledged that  cer -
tain missions will  always require the application of other mili -
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tary forces .  In  other  words,  though space power has  the po-
tential  to be a leading independent,  as  well  as integrated,
element of military power, terrestrial forces will continue to
reta in  their  own unique advantages  and appl icat ions .

Space power’s current ,  relat ively subordinate posit ion as a
mili tary power is  not  due to inherent  l imitat ions.  Why has i ts
potential  not  been real ized? If ,  in many ways the medium is
physically more capable than terrestr ial  war-fighting medi-
ums, and space power technology exists allowing it  to be in
many ways  more  useful  than ter res t r ia l  forces ,  then there
m u s t  b e  s o m e t h i n g  “ a r t i f i c i a l ” — n o t  s y s t e m i c  o r  i n h e r -
ent—which is l imiting space power development.

Policy may be the limiting factor. Military forces exist at the
direction of policy. Policy is generated within the services, the
Department of Defense (DOD), and on Capitol Hill. The ramifi -
cations of this reasoning go well  beyond the pretenses of this
paper.  In fact ,  such a l ine of reasoning seems worthy of i ts
own study. Suffice to say, however, that if  space power allows
military and political flexibility as described here, it  seems
worthy of a supportive policy which would be to the long-term
advantage of  the United States.

Given supportive policy, a force structure should be created
that allows both maximum political flexibility and maximum
military flexibility—a fully mission-capable space force, coupled
with an integrated, well-proportioned, terrestrial force. With
such a force, the possibility may exist for long-term fiscal sav-
ings through decreased terrestrial force infrastructure, and long-
term manpower and equipment sustainment cost  savings.

A major policy change such as this  seems a long-term solu -
tion, if  i t  is  even probable.  However,  three major things can be
done now to start  US space power down this  road.  The f irs t
two concepts  could  turn  the  t ide  of  th inking about  space
power as a purely supportive force; the latter would allow a
more economical transit ion to a fully functional space force.
The first  is  a  required change of thinking within the mili tary
about  space power:  I t  can be used in  i ts  convent ional ,  suppor -
t ive sense,  as  wel l  as  in  more unconvent ional ,  independent
ways.  Some information warfare missions seem ripe for such
applicat ions.  Part  and parcel  to  this  f i rs t  idea,  space should be
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considered its own area of responsibili ty.  Unity of command is
essent ial  for  the proper  planning and conduct  of  operat ions
within the medium. The third concept is  that  f iscal  reali t ies
require a closer military—civilian space industry reliance.

Required Change of Thinking

When research or iginal ly  began on this  thesis ,  the  author
believed military space personnel were inexorably committed
to pursuing space capabil i t ies ,  even those far  into the future,
which were merely support ive  in  nature .  Percept ion was that
USSPACECOM, as well as each of the services’ space com -
mands,  were vectoring efforts  toward space capabil i t ies that
would only support terrestrial  mili tary operations.  It  seemed
poss ib le  tha t  such  an  approach could  resul t  in  a  loss  of  fu ture
military capabili ty,  national technical abili ty and prestige,  and
possibly, national security itself.

After conducting research at USSPACECOM, AFSPACECOM,
the Space Warfare Center ,  Sandia National  Laboratory,  and
Phillips Laboratory, i t  became evident that developments to
support  the type of space infrastructure requisi te to realize
space power’s  advantages were possible.  In fact ,  such enabling
technology as a rapid,  responsive,  economical ,  and reusable
space lift capability may not be far off. 3 6 However,  throughout
the course of  research for  this  thesis ,  there  were those,  some
with vast  amounts of mili tary space expertise,  who claimed
space power would never at tain the requisi te capabil i t ies to
fully exploit  the medium. Some within service space com -
mands, especially outside of the Air Force, seemed intransigen t
on this position. Varied reasons were given for these views,
but most included polit ical ,  as well  as technological  and fiscal ,
concerns .

One need only refer to the historical wrangling airpower
experienced in i ts  relat ive infancy to discern the same argu -
ments .  There were those in World War I  who continued to
disregard airpower’s capabil i ty as they put  gas masks on their
ever  t rusty cavalry horses to r ide them into bat t le .  In the
th i r t ies ,  as  the  s t ra tegic  abi l i ty  of  a i rpower  became more
widely accepted,  there was much poli t ical  discourse about
limiting airpower’s capabilities for its perceived inherent politi-
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cal and mili tary instabili ty.  Fortunately,  there existed profes -
sional  mil i tary airmen whose vision outreached those of  the
naysayers .  Though some suffered humil iat ing career  conse-
quences,  they aptly demonstrated the effective and efficient
ability of airpower to project presence relatively rapidly as
compared to other forces of the day. 3 7

I t  seems most of the professional  mili tary space cadre real-
izes the intr insic value of operat ing in and from space,  just  as
Mitchell  and his i lk realized similar advantages in their day of
operat ing from the air .  Personnel  within the United States and
AFSPACECOM (including the Space Warfare Center), as well
as  the other  forces’  space commands,  seem to be moving with
the momentum of  forward thinking.  However ,  some barr iers
e x i s t  b a s e d  o n  t h e  o l d  s p a c e - a s - s u p p o r t - o n l y  p a r a d i g m .
Though we still  face political and parochial barriers to realize
the military and polit ical advantages of fully integrated space
power,  at  least  we are exploring the science, technology, and
operational concepts necessary to accomplish i t .  The “progres -
sives” in the “system” seem to be overtaking the sedimentation
of the “status quos .”

Due to fiscal realities of today, and tomorrow, it  seems the
technological  breakthroughs are being,  and probably wil l  be,
achieved mostly in the private sector.  Space is  to commercial
enterprise  today,  and more so tomorrow, what  the air l ines ,
both cargo and passenger ,  were  to  yesterday and today.  How -
ever,  space offers  so much more in terms of  communicat ions,
weather ,  t ransporta t ion,  and other  areas  that  commercial  con -
cerns are rapidly outpacing mili tary research in the f ield.

The United StatesS must  real ize  the advantages mil i tary
space power offers .  Hopefully,  this  thesis  at  least  touches
some sa l ient  concepts  tha t  demonst ra te  space  power’s  advan-
tages.  With these advantages real ized,  the United StatesS can
fully integrate i ts technological and operational biases with
space power as a dominant factor.  Professional military offi -
cers  have  a  duty  to  ar t icula te  any par t icular  concept  tha t
displays increased military,  and therefore polit ical ,  advantage
to their civilian superiors.  It  is then the politicians’ responsi-
bi l i ty  to  ensure  US forces  are  s t ructured in  an opt imum man-
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ner .  Such s t ructur ing int imates  the need for  uni ty  of  com -
mand regarding space.

Space as an Area of Responsibil ity

High strategic agility for space forces  a s sumes  a  h igh  de -
gree of command and control.  As air forces are centrally con -
trol led,  for  matters  of  understanding unique strategic ut i l i ty
and capabil i ty,  and decentrally executed,  for matters of tacti-
cal  expertise at  the unit  level,  so too should space forces be
controlled.  The pervasive capabil i ty of l imited numbers of
space  resources  in  h igh  demand se ts  up  the  same logica l
s t ructure  for  centra l ized command and control  of  space.  Sub-
jugating high-valued, far-reaching, but l imited forces to one
commander  responsible  for  a  cer ta in  theater  of  operat ions  has
been t r ied and proven,  in  most  instances,  to  be an ineff icient
means  of  command and  cont ro l .

Based  on  a rguments  presented  in  th i s  thes i s ,  a  case  can  be
made that  space is  i ts  own area of  responsibil i ty.  In fact ,  the
Russian mil i tary considers  space a  dis t inct  teatr  voyennykh
deystviy (TVD), or theater  of  operat ions.3 8 If  this is accepted,
uni ty of  command demands the appointment  of  a  s ingle  com -
mander  to  th is  a rea .  Requirements  of  such command gener -
ally include expertise,  a fully functional and expert staff,  and
control  of  proper  equipment  and infrastructure.  Only one such
commander fully f i ts  this  requirement—commander in chief,
Uni ted  S ta tes  Space  Command.

As with airpower employment, employing space power re-
quires special knowledge and conceptual internalization. The
far-reaching, sometimes global, aspects of airpower employment
have demonstrated a  requirement  for  leaders ,  s taffs ,  and op-
era tors trained to think in such terms. Similarly, assets with
space power’s worldwide capabilities need to be controlled by
leaders, staffs,  and operators trained to think with such vision.

With unity of command regarding all  facets of space, coordi-
nat ion of  requirements  becomes easier .  These requirements
span the spectrum from operat ional  to  developmental .  Devel-
opmental ly,  as  well  as  operat ionally,  as  the use of  space be-
comes more commonplace,  commercial  enterprise will  have to
be coordinated with mil i tary requirements .
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Fiscal Realit ies and Military-Civil ian Space Reliance

The future dictates a close relat ionship between mili tary
space requirements  and civi l  space resources ,  including both
operat ional  and research and development  real i t ies .3 9 M a n y
military space functions closely parallel civil functions. Where
these are evident,  they should be exploited to save costs to
both sectors.  Certain functions wil l  continue to be the sole
purview of mili tary space. Joint mili tary-civil ian space func-
t ions include weather ,  navigat ion,  communicat ions,  ear th  re-
sources,  l i f t ,  orbi t  t ransfer ,  and t racking and control  systems.
Integrat ing many aspects  of  these systems to serve both mil i -
tary and civil  customers could realize massive savings in fiscal
requirements to both sectors.  Near-term examples of  probable
and possible joint projects follow.

Space weather capabili t ies  should become more economical
as Defense Meteorological Satellite Program (DMSP) and the
National  Oceanic and Atmospheric Administrat ion (NOAA)
combines. The turnover of DMSP responsibilities to NOAA will
decrease mil i tary investment  in  weather  reconnaissance.  Addi-
t ional  savings can be real ized by replacing the purchase of
next-generat ion mil i tary weather  satel l i tes  with purchasing
such data  f rom commercial  sources .  Commercial  market  com -
peti t ion could al low purchase of what you need only when you
need i t .  Care  must  be  taken to  ensure  on-demand mi l i ta ry
capability.

Space navigat ion systems can be s t reamlined as  wel l .  GPS
could be assigned to the Department  of  Commerce or  Trans-
por ta t ion,  s ince  demand for  such data  i s  wel l  beyond the  pur-
view of strictly DOD functions. Alternatively, current GPS sys -
tems could be sold to  corporat ions  on a  cash plus  percentage
basis ,  thereby rais ing cash for  addit ional  space resources or
developments.  Mili tary users could purchase required services
as needed.  Mili tary priori ty and accuracy would need to be
protected. Additionally,  large constellations such as Intelsat
and Ir idium could repeat  navigat ion s ignals  for  redundant
world wide coverage.

Space  communica t ions  sys tems  seem to be prol i ferat ing
rapidly. Microsoft Corporation’s Bill Gates plans to exponen -
tially expand such capabili ty with his 840 Teledesic satell i te
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constellation. Teledesic’s goal is to bring the information su-
perhighway in all  i ts  glory to even the most remote reaches of
the globe by the end of  the century. 4 0 AFSPACECOM sources
expect realization of this within a decade. Commercial enter -
prises will offer complete, competitive, fast response global
coverage, thereby decreasing DOD demands to build and field
such systems. Additionally,  research for such capabili t ies is
being increasingly funded by the commercial  sector due to
potential profit .

Lift and orbit transfer may be solved commercially, driven
by commercial  needs to  access  space.  I f  such a  robust  system
develops,  there would be no need to maintain the mili tary’s
satel l i te-booster-operator  system. Such a commercial  system
could make launch-on-demand more  real is t ic  due to  launch
quanti ty and competi t ive price forces.

Tracking and control of commercial satelli tes  could be done
commercia l ly ,  wi th  in tercorporat ion commonal i ty  and cost
sharing decreasing commercial risk. DOD and NASA could
f o l l o w  c o r p o r a t e  f o o t s t e p s  f o r  m i l i t a r y  s a t e l l i t e s ,  w i t h
USSPACECOM controlling all military assets. Alternatively,
both corporate and mil i tary satel l i tes  could be control led by
an integrated nat ional  t racking and control  system,  thereby
shar ing cos ts  among a l l  users .

The bottom line of this approach to joint military-civil  space
exploitat ion is  that  the huge commercial  market  would l ikely
dwarf the mili tary needs in space,  thereby driving down DOD
space costs . 4 1 However,  the mili tary would need to maintain
certain realistic  s tandards  ac ross  the  marke tp lace  to  ensure
i ts  abi l i ty  to  use the systems. 4 2

Care must  be taken to ensure a  capabil i ty to closely control
these funct ions in the interest  of  nat ional  securi ty.  There are
two aspects  of  this  concern.  Firs t ,  the mil i tary must  have
unobstructed and complete access capabil i ty  in the event  of  a
national emergency, much like the current Civil  Reserve Air
Fleet concept.  For example,  contracts with civil  communica -
t ion satel l i te  companies to enable dai ly dual  use,  and emer -
gency complete  use ,  of  the  companies’  orbi t ing resources
would be required.  Second,  the United States can increase i ts
securi ty by increasing foreign customer dependence on US-

BEYOND THE PATHS OF HEAVEN

552



provided systems. For example,  the United States could pro -
vide GPS data on a day-to-day basis  at  a  price that  would
monopolize the world wide satel l i te navigation market,  thereby
ensuring control  of  access  to  or  denial  of  such data  in  the
event of a national emergency.

The space funct ions that  wil l  cont inue to  be the sole  pur-
view of the US military include certain surveillance and recon -
naissance capabi l i t ies ,  missi le  warning and defense,  most  se-
c u r e  c o m m u n i c a t i o n s  c a p a b i l i t i e s ,  r e s o u r c e  p r o t e c t i o n ,
command and  cont ro l  warfare ,  a t tack ,  and  space  sys tem ne-
gation capabil i t ies.  Certain near-term requirements for a ro -
bust space force follow.

Regarding surveil lance and reconnaissance,  ELINT and im -
agery intelligence (IMINT) tactical satellites (TACSATS) for
earth observat ion is  needed,  with improved responsiveness
and previous systems provided by the National  Reconnais -
sance Office (NRO). Real-time data fusion of multiple sensor
inputs  i s  present ly  being worked.  Accurate  geolocat ion of
threats  in  t ime and space is  needed for  prompt  preemptive
military action.

Space survei l lance requirements  include providing space
traffic control to allow knowledge and control of all space
resources,  including civil .  Resources can be saved by allowing
commercial,  university,  and technical center feeds into a mili -
tary space traffic control data base to decrease overall  collec-
t ion requirements .  Missi le  warning and defense require  sur-
veil lance,  t ip-off,  and queuing functions to remain within the
mil i tary domain for  purposes  of  speed,  accuracy,  and preemp-
tive capabilities.

Regarding most  secure communications capabil i t ies,  com -
mercial sources will  have corporate secure capabilities.  This
seems acceptable .  In  fac t ,  more  “rout ine”  mi l i ta ry  secure
t ransmiss ion requirements  could  be  met  more  cheaply  th is
way.  However,  the mil i tary must  retain a most  secure capabil -
ity for NCA and CINCs’ communications, highest priority na-
t ional  securi ty  communicat ions ,  and data  l inks  for  le thal  na-
t iona l  asse t s .

Resource protect ion remains a mil i tary considerat ion.  Hard-
ening of  sensors,  receivers ,  and transmit ters  is  required to
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maintain the information edge on future threats  (close hold
data) and to realize the extent of proliferation of high threats
(RF, HPM, lasers).

Another singular military requirement is space maneuverabil -
ity for coverage, evasion, mission responsiveness, and flexibility.
Such a capability may be on board a satellite, or may use Site
Transition Team (STT) or transatmospheric vehicles (TAV) tech -
nology. However, it is not currently relevant to commercial us -
ers, so they will not fund such research and development.

Attack and space system negat ion issues include kinet ic
energy (KE) and directed energy (DE) force application capa -
bi l i t ies ,  as  well  as  advanced weapons for  permanent  or  tempo-
rary, lethal or nonlethal effects.  In the age of information war -
fare, such capability could give the United States a selective
at tack opt ion on enemy or  third-party information suppl iers .
with such a  capabi l i ty ,  space power could real ize  i ts  maximum
political and military flexibility.

Space force application capabilities could include KE as well
as  DE ki l l  or  degradat ion mechanisms.  Such projects  as  the
Tactical  Reentry Impacting Munition program, Impact Tech -
nology program, Discriminating Attack Capabili ty programs,
Defense Suppression Vehicle,  and Global  Prompt Response
Capabil i ty  programs al l  have demonstrated,  or  discussed,  KE
kill technologies. The Sandia Winged Energetic Reentry Vehi-
cle Experimental program and the Hypersonic Glide Vehicle
program, both have illustrated high-explosives kill  technolo -
gies.  DE kil l  technologies have been discussed in the Beam
Experiments Aboard Rocket  program.

The feasibility of all of these technologies, and more, was
demonstrated by Phill ips Lab’s 1991 Force Applications Study.
The s tudy concluded such technologies  could be used to  sat -
isfy USAF operational requirements to

• reach out  and touch anybody,  anywhere ,  anyt ime;

• operate in the f iscal  and geostrategic environment of the
1990s  and  beyond ;

• complement tradit ional  airpower by providing a number
of very accurate, very long range, and very responsive
weapons ;  and
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• actively support Global Reach-Global Power by lessening
reliance on forward deployment and foreign basing, as well
as supporting aerospace power objectives of flexibility,
range, responsiveness, and lethality.4 3

Due to the ever-increasing importance of information tech -
nology, other future force application capabilities should in -
clude capabili t ies to exploit ,  disrupt,  or destroy adversaries’
information systems.  US systems should be able  to  control
adversaries’  knowledge-support  computer  infrastructures to
effectively circumvent enemy leadership’s decision processes.
Such systems should also be able  to  exploi t  and affect  enemy
indust ry ,  e lec t r ic i ty ,  t ranspor ta t ion ,  and computer  suppor t
networks.  These types of capabil i t ies would allow the disrup-
t ion  of  such  sys tems wi thout  the  des t ruc t ion  and  inherent
r isks of  s trategic air  at tacks.

Summary

S pace is not systemically, or inherently, limited. Its physical
attributes and application to military characteristics belie no
reason for its present relative position vis-à-vis terrestrial forces.
In fact, the advantages of space offer great military and political
flexibility. It presently exists subordinate to terrestrial powers
primarily due to purely ‘’artificial’’ reasons. Policy seems to be at
the root of those reasons. Though a full study of this notion is
beyond the scope of this paper, certain things can be done now
to enhance space power’s chances of one day realizing full op -
erat ional  capabil i ty across the mil i tary mission spectrum.

Space,  as a medium to be exploited,  is  st i l l  wait ing for a
user  to  get  i ts  act  together ,  to  determine how and why i t  can
be exploited (a theory),  and how to organize, train, and equip
itself  to do so (a doctrine).  I t  must improve on what is  already
good in its space capability,  and fix what is broken. To do this
requires  a  new way of  thinking about  space and i ts  role  in  the
present ,  as well  as future,  world order.  Using a comprehensive
space-power theory,  the  United States  can organize,  t ra in ,  and
equip itself better to exploit space. “Better” implies more effi -
cient ly,  faster  and cheaper ,  via  s t reamlined requirements  and
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joint military-civil capabilities. The product of this change will
be a national abili ty to defend US worldwide interests rapidly,
with decisive force,  and at  decreased costs in l ives,  treasure,
and  na tu ra l  r e sources .

Notes

1. Lt Col David Lupton, USAF, Retired, On  Space Warfare—A Space -
power Doctrine (Maxwell AFB, Ala.: Air University Press, 1988), 7. In his
well-wri t ten and informative book,  Lupton is  more thorough than any other
author in dealing with the quest ion of  space power’s usefulness.  He art icu -
lates four dist inct  space doctrines,  each one based on clearly defined belief
structures and historical  perspectives.  Many of his  views are shared by this
author  and  are  inc luded in  th is  thes is .

2. Peter L. Hays, “Struggling Towards Space Doctrine: US Military Space
Plans,  Programs and Perspectives During the Cold War” (PhD diss. ,  Fletcher
School of Law and Diplomacy, 1994).  Hays compares the development of
airpower to space power in an at tempt to determine three cr i t ical  s teps in
airpower’s development that might explain space power’s future develop -
ment .

3 .  Richard  Ernes t  Dupuy and Trevor  Dupuy,  The Encyclopedia of Mili -
tary History, 2d rev. ed. (New York: HERO Books Partnership, 1986),  934.

4. Sir Peter Anson and Capt Dennis Cummings, RAF, “The First  Space
War: The Contributions of Satellites to the Gulf War,” RUSl Journal 136,  no .
4 (Winter 1991): 45; and Lee B. Kennett ,  The First Air War (New York: Free
Press, 1991), t i t le page.

5 .  Kennet t ,  31.
6.  Ibid.
7.  Joint  Doctrine,  Tactics,  Techniques and Procedures (JDTTP) 3-14,

Space Operations,  15 April  1992, I-15.
8.  Author’s personal experience flying F-111Es in Desert  Shield and

Deser t  S torm.
9.  Hays,  27.
10.  Ibid. ,  59.
11.  Ibid. ,  27.
12. Air Force Manual 1-1, Basic Aerospace Doctrine of the United States

Air Force, 1-3.
13. Dana Johnson, “The Evolution of US Military Space Doctrine” (PhD

diss. ,  Universi ty of  Southern California,  1987).  Johnson presents  an analy -
sis of space power’s developmental similarities and differences to the USAF
and the Navy.  She discusses the impact  of  the varying requirements  placed
on the space force by al l  of  the services and concludes that  space is  a  t ruly
joint  arena,  and should be managed to  support  a l l  services  to  ensure mini-
mum duplicat ion of  effort .  She points  out  that  space leaders  could learn
from a study of airpower and sea power developments.

BEYOND THE PATHS OF HEAVEN

556



14. John M. Collins,  Military Space Forces: The Next Fifty Years (Wash-
ington, D.C.: Pergamon-Brassey’s, 1989), 6–8.

15.  Ibid. ,  21–22.
16.  Ibid. ,  23.
17. Ibid., 6.
18.  Much of  this  discussion comes from ideas generated by Carl  Builder

of the RAND Corporation in notes to Col Richard Szafranski, Air War Col-
lege,  national security chair .

19. Ibid.
20. Phillip Meilinger, Col, USAF, “Ten Propositions Regarding Airpower”

(Maxwell AFB, Ala.: School of Advanced Airpower Studies, August 1994), 3.
21.  Department of the Air Force,  Global Presence 1995 (Washington,

D.C.: Government Printing Office, 1995), 13.
22.  Thomas Schell ing,  Arms  and  In f luence  (London: Yale University

Press,  1966),  36.
23. Ibid. ,  chap. 2.
24. See Alvin and Heidi Toffler, War and Anti-War (Boston: Little, Brown

and Co.,  1993) for a thought-provoking treatise on the evolution of warfare
and technology.

25 .  Global Presence 1995, 1 1 .
26. Ibid.
27. As was the case when Checkmate init ially briefed Gen Charles A.

Horner  on the s trategic air  campaign against  I raq in early August  1990.
When the  general  determined they had no defensive  plan,  he  reacted wi th
dismay.

28.  One might argue the strategic difference between war f ighting and
peacekeeping,  but  the infantryman taking f i re  or  the airman react ing to
antiaircraft fires does not recognize this difference.

29. Edward M. Earle, “Adam Smith, Alexander Hamilton, Freidrich List:
The Economic Foundations of Military Power,” in Makers of Modern Strategy
(Princeton, N. J.:  Princeton University Press, 1986), 217.

30. This is most evident in the famous “Sunday Briefing” given the first
day of all  Red Flag deployments.  This is a mandatory pre-exercise flight
safety briefing and offers statistics showing a relatively higher accident rate.
The point of the briefing is not to become a statistic. The USAF Flight Safety
School  also teaches that  accident  rates at  deployed locat ions tend to be
higher,  thereby requiring increased command and safety vigilance.

31.  See  a  la ter  sect ion for  a  d iscuss ion of  l i f t  developments  or  refer  to
fig. 13 for  associated system developments.

32.  Proof-of-concept  of  such systems is  occurring now. See Durnheim,
“DCX Proving Initial Operating Concepts.”

33. Iridium will have a constellation interconnectivity capability.
34. Maj Gen Roger G. DeKok, interview with the author, Peterson AFB,

Colo.,  13 March 1995.
35 .  The War Reports of Marshall, Arnold and King (New York: Lippincott,

1947),  455.

BILLMAN

557



36. Work on lift  and delivery vehicles such as Blackhorse, DCX, and
TAVs is rapidly progressing. Some estimates put such capabili t ies,  devel-
oped primari ly by private contractors ,  only a decade or  so away.  Transat-
mospheric vehicles would allow rapid crisis reaction (approximately 30 min -
u tes  to  de l ive r  “ in f luence ,”  tha t  i s ,  o rdnance ,  su rve i l l ance ,  supp l i e s ,
communication, etc. anywhere in the world), flexible targeting (via “atmos -
pheric skipping” the vehicle reenters the atmosphere to reorient  i ts  vector to
deploy anywhere over the planet),  long-duration presence capabili ty (air
refuelablility is a hallmark of TAVs), resupply, rearm, refuel (TAVs will
re turn to  ear th ,  or  maybe a  space s ta t ion in  the  dis tant  future ,  to  refresh) ,
low vulnerabil i ty (possibly a zero vulnerabil i ty capabil i ty given an un-
manned vehicle), and relatively high economic value (projected costs for
pound- in to-orbi t  run  in  the  hundreds  of  dol lars ,  versus  thousands  of  dol -
lars realized by today’s inefficient launch means).

37. Brig Gen William “Billy” Mitchell was court-martialed for his outspo-
ken support  of a fully integrated airpower architecture.  In the foreword of
Mitchell’s book, Winged Defense (New York: Putnam, 1925),  the publisher
wri tes ,  “In June 1925,  Mitchel l  was returned to  his  permanent  rank of
Colonel  and was sent  to  Texas  on account  of  h is  outspoken cr i t ic ism of  our
military policy in general and our aeronautical policy in particular.  Mitchell
has  a lways been a  pioneer ,  and in  aeronaut ics  a  good deal  of  a  prophet .
Prophets,  one recalls,  aren’t  always highly regarded at  home. At all  events,
Mitchel l ,  for  his  outspoken cr i t ic isms of  things as  he sees them in the army
and navy, has been pretty well belabored by his official opponents,  of whom
there are many, however widespread the approval given him and his views
by the country at  large.”

38. Jacob Kipp et  al . ,  Soviet Views on Military Operations in Space (Col-
lege Station, Tex.: Center for Strategic Technology, 1986), 223–49. Kipp
analyzes Soviet  mil i tary writ ings to demonstrate they viewed space as an
“independent  theater ,  pursuing independent  miss ions  under  the  d i rec t ion of
a TVD  headquarters ,  the direct  representat ive of  the Stavka,  or  Supreme
High Command.  He suggests  that  “once an independent  space theater  be -
comes feas ible ,  space should then become the  main TVD.”

39.  Much of  this  discussion is  gleaned from a presentat ion the author
received from Lt Col Mike Kauthold, SWC/XR, titled, “The Reinvention of
Space.”

40. S. Faber, “Global Ambitions,” Discover, J a n u a r y  1 9 9 5 ,  3 .
41. For a complete discussion of “dual-use,” “spin-off,” “spin-on,” and

economic technology interface see such works as John A. Alic et  al . ,  Beyond
Spin-Off: Military and Commercial Technologies in a Changing World (Boston:
Harvard Business School Press,  1992); Anna Slomovic,  An Analysis of Mili -
tary and Commercial Microelectronics: Has DOD’s R&D Funding Had the
Desired Effect? (Santa Monica, Calif.: RAND, 1991); and Victor Utgoff, The
American Military in the Twenty-First Century  (New York: St. Martin’s Press).
After  a  s tudy of  such works,  the author bel ieves that  “dual-use” technolo-
gies ,  or  those that  can be used by both mil i tary and commercial  sectors ,  but

BEYOND THE PATHS OF HEAVEN

558



funded by DOD, and “spin-off” technologies,  or those that are developed by
DOD for DOD use,  but which have certain civil  application, do not hold as
much fiscal promise, and do not reflect the reality of today’s commercial
technologic revolution, as “spin-on” technologies do. “Spin-on” technologies
refer  to those which are generally developed and funded by commercial
concerns,  but which can be adapted for mili tary use.  Overall ,  i t  is  the free
market  competi t ion that  wil l  generate both quali ty products  and affordabil-
ity applicable to both the military and civil sectors. As Slomovic writes, “If
the  costs  of  weapon systems are  to  be  conta ined,  the  e lect ronics  must  be
produced by f i rms which have incent ives and opportuni t ies  to  reduce costs .
As this  s tudy demonstrates ,  in  the majori ty of  cases the DOD is  not  get t ing
more advanced components for  the higher prices i t  pays.” DOD R&D funds
must  be spent  on special  mil i tary requirements,  i .e . ,  those which have no
application in the civil  market.  However, certain criteria such as reliabili ty,
temperature tolerance,  and radiat ion tolerance,  once thought  to  be within
the mili tary’s unique interest ,  are now being designed into civil  components.
The mili tary must take advantage of these increasing capabil i t ies by apply -
ing realist ic  test  cri teria and requirements.

42.  Alic notes that  during heyday of the spin-off  paradigm, that  is ,  when
commercial  requirements were being met with defense research and devel-
opment dollars, “military requirements distorted priorities toward (overly)
complex, high-performance objectives with limited commercial applicabil-
ity.” As the spin-off paradigm is left for a more realistic, contemporary,
market-place driven, commercial-military interface, the problem should be
partially “self-correcting,” that is, defense will decline as a fraction of na-
t ional  technical  effort .  However,  care must  be taken by the corporat ions,  so
comfortable with the spin-off paradigm of the past,  to not adopt civilianized
versions of “defense technology paradigms.” International competit iveness,
as well as national economic and military superiority,  would suffer.” Ameri-
can bus iness ,  accus tomed to  le t t ing  DOD carry  much of  the  burden,  has
been slow in responding to aggressive technological  investments by Japa-
nese f i rms,  even as  the  la t ter  outdis tanced them f i rs t  in  process  and then in
product  engineering.  The cost  to  Americans of  carrying around the wrong
mental  image of how the technological  system works will  be paid in terms of
lost  markets ,  overpriced weapons,  and wasted resources.”

43. “Force Applications Study,” final report briefing, unclassified (Kirt -
land AFB, N.Mex.: Phillips Laboratory, 13 June 1991).

BILLMAN

559



Bibliography

Published Sources
Advanced Technology Warfare. New York: Harmony Books,

1985 .
“Air Force Space Doctrine.” Defense Science 2002+. February

1984,  43–44.
Aldridge,  Edward.  “Aerial  Advantage—Myths About  Space

Militarization.” Officer, November 1985, 16–19.
Alic, John, Lewis Branscomb, Brooks Harvey, Ashton Carter,

and Gerald Epstein,  Beyond Spinoff: Military and Com-
mercial Technologies in a Changing World. Boston: Harvard
Business School Press, 1992.

A m e r i c a n  C o u n c i l  o n  E d u c a t i o n .  Space ,  Amer ica’s  New
Competitive Frontier. Washington, D.C.:  Business-Higher
Educat ion  Forum,  1986.

American Inst i tute of  Aeronautics and Astronautics.  Space: A
Resource for Earth. New York, N.Y.: American Institute of
Aeronaut ics  and Astronaut ics ,  1977.

Andrews, Walter. “Space-based Defense Called ‘Morally Right.”’
Current News, 31 October 1984, 1–2.

Anson,  Sir  Peter ,  and Capt  Dennis  Cummings.  “Firs t  Space
War: The Contribution of Satellites to the Gulf War.” RUSl
Journal, Winter l991, 45–53.

Atwood, Donald. “Preparing to Meet the Future in Space.”
Defense Issues ,  11 April 1991, 1–2.

Battelle. “The Strategic Implications of Modifying the Space
Environment.” Journal of Defense Research, Fall-Winter
1983 ,  135-46 .

Baum, Michael E. “Defiling the Altar: The Weaponization of
Space.” Airpower Journal, Spr ing  1994,  61 .

Bell ,  Trudy, and Karl  Esch.  “The United States in Space.”
Spectrum, August  1991,  18–20,  45–51.

Benko, Marietta.  Space Law in the United Nations. Boston,
Mass.: M. Nijhoff Publishers, 1985.

Berkowitz,  Marc.  “Future U.S.  Securi ty Hinges on Dominant
Role in Space.” Signal, May 1992,  71–73.

Berry, Adrian. “The Next Ten Thousand Years: A Vision of
Man’s Future in the Universe.” New York, N.Y.: Saturday
Review Press,  1974.

BEYOND THE PATHS OF HEAVEN

560



Blau, Thomas, and Daniel Goure. “Military Uses and Implica-
tions of Space.” Society, January–February 1984,  13–17.

Blechman,  Barry.  The American Military in the Twenty-First
Century.  New York: St. Martin’s Press, 1993.

Blow, Thomas. Defending Against a Space Blockade. Maxwell
AFB, Ala.: Air University Press, 1989.

B o n o ,  P h i l l i p ,  a n d  K e n n e t h  G a t l a n d .  Frontiers  of  Space.
London: Blandford Press,  1969.

Bousher ,  Br ig  Gen Homer  A.  “Bluepr in ts  for  Space .”  Air
University Quarterly Review, Spring 1959,  18.

Bova, Ben. The High Road. Boston, Mass.: Houghton Mifflin,
1981 .

Brzezinski ,  Zbignew, Robert  Jastrow, and Max Kempelman.
“Defense in Space Is Not ‘Star Wars.’” New York Times
Magazine, 27  January  1985 ,  28–29 .

Builder,  Carl .  The Icarus Syndrome. New Brunswick,  N.J. :
Transaction Publishers,  RAND, 1993.

———.  The Masks of  War.  New Brunswick,  N.J. :  Transaction
Publishers,  RAND, 1992.

Building a Consensus Toward Space.  Proceedings of the Air
War  Col lege  1988 Space  Issues  Symposium.  Maxwel l
AFB, Ala.: Air University Press, 1990.

Burke,  Wil l iam.  “Act ive  Space Exper iments  Affect  Treaty
Obligations.” Signal, June  1990 ,  73–75 .

Burrows, William. “Ballistic Missile Defense: The Illusion of
Security.” Foreign Affairs, Spring 1984,  843–56.

———. “Skywalking with Reagan.” Harper’s, J a n u a r y  l 9 8 4 ,
50–52 .

Chisholm, Robert .  On Space Warfare: Military Strategy for
Space Operations. Maxwell AFB, Ala.: Air University Press,
J u n e  1 9 8 4 .

Christol,  Carl.  The Modern International Law of Outer Space.
New York: Pergamon Press,  1982.

Cole,  Dandridge. The Next Fifty Years in Space: Man and
Maturity. Philadelphia,  Pa.:  General  Electric Company,
1963 .

Collins,  John M. Military Space Forces: The Next Fifty Years.
Washington, D.C.:  Pergamon-Brassey’s,  1989.

BILLMAN

561



Courter, Jim. “Military Space Policy: The Critical Importance
of New Launch Technology.” Strategic Review, S u m m e r
1994,  14-23.

Department of the Air Force. Global Presence 1995. Washington,
D.C.: Government Printing Office (GPO), 1995.

Dougherty, Gen Russell,  et al.  “Facing Up to Space.” Air Force
Magazine, January  1995 ,  50 -54 .

Dougherty, William. “Storm From Space.” Proceedings, Au g u s t
1992,  48–52.

Douhet,  Giulio. The Command of the Air. Translated by Dino
Ferrari. Washington, D.C.: Office of Air Force History,
1983 .

Durch, Will iam. National Interests and the Military Use of
Space.  Cambridge, Mass.:  Ballinger,  1984.

D u r n h e i m ,  M i c h a e l  A .  “ D C X  P r o v i n g  I n i t i a l  O p e r a t i n g
Concepts.” Aviation Week & Space Technology, 8 March
1993,  49 .

Dutton,  Lyn,  ed.  Military Space. Washington, D.C.: Brassey’s,
1990 .

Earle, Edward M. “Adam Smith, Alexander Hamilton, Freidrich
List: The Economic Foundations of Military Power,” in
Makers of  Modern Strategy.  Princeton, N.J.: Princeton
University Press, 1986.

Faber, Scott. “Global Ambitions.” Discover, Janua ry  1995 ,  3 .
Fradkin, Elvira. Air Menace: The Answer. New York: Macmillan

Press .  1934.
Friedenstein,  Charles.  “The Uniqueness of Space Doctrine.”

Air University Review, November–December 1985, 13–23.
Graham,  Gen Daniel .  High Frontier: A New National Strategy.

New York: Tom Doherty Associates, 1983.
———. “High Frontier and Arms Control.” Journal of Defense

and Diplomacy, November 1984, 25–28.
Gray, Colin. American Military Space Policy. Cambridge,  Mass. :

Abt Books.  1982.
Hall, Cargill. “The Origins of US Space Policy.” Colloquy:

Securi ty  Af fairs  Support  Associat ion,  December  1993 ,
5–24.

BEYOND THE PATHS OF HEAVEN

562



Hartinger,  Gen James. “The Air Force Space Command: An
Update.” Air Force Engineering and Services Quarterly,
Summer  1984 ,  4–9 .

———. “Strategic Space Systems Require a Unified Command.”
Defense Systems Review, February 1984, 19-22.

“High Frontier Can Reduce Defense Budget.” High Frontier
Newsletter, J a n u a r y  1 9 8 5 ,  1 .

Horner ,  Gen Char les .  “Space  Sys tems:  P ivota l  to  Modern
Warfare.” Defense 94,  1994,  20–29.

———. “Unpredictable World Makes US Space Capabilities
Critical.” Defense Issues ,  1994,  1–7.

———. “Space Seen as Challenge, Military’s Final Frontier.”
Defense Issues ,  1993,  1–10.

Hudson,  Richard D.  Infrared Systems Engineering. New York:
John Wiley and Sons,  1969.

“Introduction of Space Weapons Treaty Resolution.” Congres-
sional Record, 24 April 1985, 1738–39.

Johnson,  Nicholas .  Soviet Military Strategy in Space. London:
J a n e ’s Publishing, 1987.

Kennett, Lee. The First Air War. New York: Free Press,  1991.
Kingwell, Jeff. “The Militarization of Space.” Space Policy, May

1990,  107–11.
Kipp, Jacob, et al. Soviet Views on Military Operations In Space.

College Station, Tex.: Center for Strategic Technology, 1986.
Kolcum, Edward H. “Pratt  and Whitney Assessing Family of

Engines for Upcoming Space Missions.” Aviation Week &
Space Technology, 6  J a n u a r y  1 9 9 2 ,  5 6 .

Kuskuvelis, Ilias. “Satellites for War and Peace.” Proceedings
of the Thirty-fourth Colloquium on the Law of Outer Space,
October  1991,  227–32.

Kutyna, Gen Donald. “SPACECOM: We Lead Today, But What
About Tomorrow?” Defense 91,  July–August  1991,  20–9.

———. “The State of Space.” Defense Issues,  23 April 1991,
1–8.

Lorenzini, Dino. “Space Power Doctrine.” Air University Review,
July–August 1982, 16–21.

Los Alamos National Laboratory. United States Space Policy:
Rev iew and  Assessment .  Los Alamos, N. Mex.: Los Alamos
National Laboratory,  1988.

BILLMAN

563



L u o n g o ,  K e n n e t h ,  a n d  T h o m a s  W a n d e r .  The  Search  for
Security in Space. Ithaca, N.Y.: Cornell University Press,
1989 .

Lupton, David. On Space Warfare: A Space Power Doctrine.
Maxwell AFB, Ala.: Air University Press, 1988.

M a n n o ,  J a c k .  Arming  the  Heavens:  The  Hidden  Mi l i tary
Agenda for Space,  1945–1995 .  New York: Dodd, Mead and
Company,  1984.

Marks, Hans. “War and Peace in Space.” Journal of International
Affairs, Summer 1985, 1–21.

McLean, Alasdair .  The Military Utility of Space. Aberdeen,
Scotland: Centre for Defence Studies,  1991.

McDougall ,  Walter.  “Sputnik, the Space Race, and the Cold
War.” Bulletin of the Atomic Scientist, May 1985, 20–25.

———.  The Heavens and the Earth: A Political History of the
Space Age. New York: Basic Books, 1985.

Mitchell, Brig Gen William. Winged Defense.  New York: G. P.
Putnam’s ,  1925.

Moore,  George,  Vic  Budura,  and Joan Johnson-Freese.  “Joint
Space Doctrine:  Catapult ing into the Future.” Joint Force
Quarterly, Summer  1994,  71–76.

Moorman, Lt Gen Thomas. “The ‘Space’ Component of ‘Aero-
space’”  Comparative Strategies,  July–September  1993,
251–55.

———. “The Future of USAF Space Operations.” Vital Speeches,
March 1994, 325–29.

Muolo, Michael, ed. Space Handbook: A Warfighter’s Guide to
Space,  vol. 1. Maxwell AFB, Ala.: Air University Press,
1993 .

Norton, Oliver. The Attack and Defense of Little Round Top,
Gettysburg,  July 2,  1863.  New York: Neale Publishing
Company,  1913.

Odom, Lt Gen Will iam. “Aerospace Requirements for U.S.
Security.” Comparative Strategies, vol.  12, 257–61.

Osman,  Tony.  Space History. New York: St. Martin’s, 1983.
Petrie, W. “Military Activity in Space—Is There a Choice?”

Canadian Defense Quarterly, Winter  1985–1986,  31–36.
Power ,  John .  “Space  Cont ro l  in  the  Pos t -Cold  War  Era .”

Airpower Journal, Winter  1990,  24–33.

BEYOND THE PATHS OF HEAVEN

564



R i c h a r d s o n ,  G e n  R o b e r t .  “ T e c h n o l o g y ,  B u r e a u c r a c y  a n d
Defense :  The  P rospec t s  fo r  t he  U .S .  ‘High  F ron t i e r ’
Program.” Journal of Social, Political and Economic Studies,
Fall 1983, 293–99.

Rosenberg, Maj Gen Robert. “The Air Force and Its Military
R o l e  i n  S p a c e . ”  A i r  U n i v e r s i t y  R e v i e w ,  November–
December  1985,  52–57.

Sadov, Y. “Washington’s Space Tricks.” Contemporary Review,
January  1985 ,  7–8 .

Salkeld, Robert.  “The Changing Perception of Space: Vehicles,
Treaties, Purposes.” Defense Science 2001,  J u n e  1 9 8 3 ,
24–29 .

Scoville, Herbert. Can Space Remain a Peaceful Environment?
Muscatine,  Iowa.:  Stanley Foundation,  1978.

Schelling, Thomas. Arms and Influence. London: Yale University
Press,  1966.

Sgrosso, Gabriella. “Demilitarisation of Outer Space.” Proceedings
of the Thirty-fifth Colloquium on the Law of Outer Space,
August–September 1992, 325–34.

Sonneberg, Steven. “The Ultimate High Ground.” Marine Corps
Gazette, May 1990,  58–65.

“Soviet Propaganda About ‘Militarization of Space.’ ” Defense
Daily, 4 March 1985,  15 .

Spaulding, Oliver L. Ahriman: A Study in Air Bombardment.
Boston,  Mass. :  World Peace Foundation,  1939.

SPACECAST 2020 Final  Report ,  v o l .  1 .  P r e p a r e d  b y  t h e
students and faculty of Air University, Maxwell AFB, Ala.:
Air University, 1994.

Stares, Paul B. “Space and U.S. National Security.” Journal of
Strategic Studies, December  1983,  31–48.

———. The Militarization of Space: U.S. Policy, 1945–1984. Ithaca,
N.Y.: Cornell University Press, 1985.

Stine,  Harry.  Confrontation in Space. Englewood Cliffs, N.J.:
Prentice-Hall,  1981.

Szafranski,  Col Richard. GEO, LEO and the Future. Maxwell
AFB, Ala.: Air University Press, 1991.

The War Reports of Marshall, Arnold and King. New York:
Lippincott ,  1947.

BILLMAN

565



Toffler, Alvin, and Heidi. War and Anti-War: Survival at the
Dawn of  the 21st  Century.  Boston, Mass.:  Litt le,  Brown,
and  Company,  1993.

Translations of Two Soviet Articles on Law and Order in Outer
Space.  Santa Monica, Calif.:  RAND Corporation, 1958.

United Nat ions  General  Assembly,  Commit tee  on Peaceful
Uses of Outer Space.  Report from the Committee on the
Peaceful Uses of Outer Space. New York, N.Y.: United
Nations,  1959.

United States Air Force Scientific Advisory Board. Report on
Space Power Technology. Washington,  D.C.:  GPO, 1991.

United States Joint Chiefs of Staff. Joint Doctrine; Tactics,
T e c h n i q u e s  a n d  P r o c e d u r e s  f o r  S p a c e  O p e r a t i o n s .
Washington D.C.: GPO, April 1992.

Vereshchetin, V. S.  Outer Space, Politics and Law. Moscow:
Progress Publishing.  1987.

Verplaetse,  Julien.  International Law in Vertical Space: Air,
O u t e r  S p a c e ,  E t h e r .  S o u t h  H a c k e n s a c k ,  N . J . :  F .  B .
Rothman ,  1960 .

Wassenbergh, H.A. Principles of Outer Space Law in Hindsight.
Boston, Mass.:  M. Hijhoff Publishers.  1991.

Welling, William. “Policy and Strategy Options for the Next
Century.” Defense Science 2003 , June–Ju ly  1985 ,  58–63 .

Westwood,  James.  “Mil i tary  Stra tegy and Space Warfare .”
Journa l  o f  De f ense  and  D ip lomacy ,  November  1984 ,
17–21 .

Whittington, Mark R. “Stifled By Political Correctness.” Space
N e w s , 25 April–1 May 1994, 15.

Wolf, James. “Toward Operational-Level Doctrine for Space—A
Progress Report.” Airpower Journal, Summer  l991 ,  28–40 .

Worden ,  S imon ,  and  Bruce  Jackson .  “Space ,  Power ,  and
Strategy.” The National Interest, Fall 1988,  43–52.

Worden,  Simon. SDI and the Alternatives. Washington, D.C.:
National Defense University Press,  1991.

Unpublished Sources
Abrahamson,  James.  “Progress and Policy Paradigms.” Paper

presented  to  the  31s t  AIAA Aerospace Sciences Meeting
and Exhibit. Reno,  Nev. ,  January 1993.

BEYOND THE PATHS OF HEAVEN

566



Albert ,  David.  “Interdependence in Space?” Paper submitted to
the  Journal of Conflict Resolution. Maxwell AFB, Ala.,
March  1988.

Botte, David. “The United States and National Sovereignty in
Outer Space.” Armed Forces Staff College Study. Norfolk,
Va.,  May 1962.

Carron, Brian E. “The Value of Space Control and How We
Can Achieve It.” Air War College paper. Maxwell AFB,
Ala., April 1993.

Coursey, Michael.  “Evolution of the Space Command from
National Space Policy.” Air Command and Staff College
paper. Maxwell AFB, Ala., March 1984.

Cox, Dyson. “A Comparison of U.S. and U.S.S.R. Views on Space
Law.” Air War College paper. Maxwell AFB, Ala., January
1963.

Curtis, Edward. “Space Exploration and International Problems
in the Use and Control  of  Outer  Space.” Thesis ,  San
Francisco State College. San Francisco, Calif., 1963.

Davenport, Richard. “The Birth of Spacepower: A Doctrine for
the 21st Century.” Air War College paper. Maxwell AFB,
Ala.,  October 1993.

DeSaussure,  Hamilton. “The Two Sides of the Law of Outer
Space.”  Paper  presented to  the AIAA Colloquium on the
Law of Outer Space. Dresden,  Germany,  October  1990.

Dunning, Stephen. “U.S. Military Space Strategy.” Naval War
College paper. Newport, R.I.,  14 May 1990.

“Force Applications Study Final Report.” Unclassified briefing
slides from Phillips Laboratory project.  1991.

Ford, James. “Space Force: Organizing for Effective Military Use
of Space.” Air Command and Staff College paper. Maxwell
AFB, Ala., April 1985.

Hays, Peter. “Struggling Towards Space Doctrine: US Military
Space Plans.” Doctoral thesis,  Fletcher School of Law and
Diplomacy, 1994.

Hoch, Karl. “Legal Aspects of Military Operations in Outer
Space.” Paper presented to the Air University Airpower
Symposium.  Maxwell AFB, Ala., 1981.

BILLMAN

567



Howard,  Wil l iam,  and Robert  Rosenberg.  “Future  Mil i tary
Space Systems and the Principles of War.” Dahlgren, Va.:
Naval  Space  Command,  1990.

Howarth,  Thomas. “The Impact of Space on Future Wars (or:
Will World War III Be Waged in Space?).” Student thesis,
Naval War College. Newport, R.I.,  February 1989.

Johnson, Dana. “The Evolution of U.S. Military Space Doctrine:
Precedents,  Prospects and Challenges.” Doctoral thesis,
University of Southern California, 1987.

Lent in i ,  Joseph.  “Wil l  Congress  Suppor t  a  Space  Cont ro l
Policy?” Air Command and Staff College paper. Maxwell
AFB, Ala., April 1984.

Lorenzini, Dino. “2001: A U.S. Space Force.” Paper presented
to the Air University Airpower Symposium. Maxwell AFB,
Ala., 1981.

Lyall, Francis. “Space Law—What Law or Which Law?” Paper
presen ted  to  the  Aerospace  Indus t r i e s  Assoc ia t ion  o f
America (AIAA) Colloquium on the Law of Outer Space.
Dresden,  Germany,  October  1991.

McFarland,  R.  S.  “The Impact  of  Space Systems on Future
Warfare—A Warrior’s Perspective.” A Naval War College
paper.  Newport,  R.I.  1980.

Meilinger, Col Phillip. “Ten Propositions Regarding Airpower.”
Paper writ ten in his posit ion as dean, School of Advanced
Airpower Studies, Maxwell AFB, Ala., August 1994, 3.

P i o t r o w s k i ,  J o h n ,  G e n ,  U S A F .  “ S p a c e  W a r f a r e  a n d  t h e
P r i n c i p l e s  o f  W a r . ”  U n i t e d  S t a t e s  S p a c e  C o m m a n d .
Colorado Springs,  Colo.,  1989.

Smith, William. “Potential Legitimate Use of Space Weapons as
Part of the United States’ Strategic Forces.” Air Command
and Staff College paper. Maxwell AFB, Ala., May 1980.

Sponable,  Jess.  “Single Stage Rocket  Technology Program
Review of Future Systems and Applications.” Unclassified
briefing viewgraphs, Ballistic Missile Defense Organization,
January  1993 .

W e s t o n ,  C r a i g .  “ T h e  E s s e n c e  o f  S p a c e p o w e r :  I m p o r t a n t
Influences on the Evolution of National Spacepower.” Air
War College paper, Maxwell AFB, Ala., May 1989.

BEYOND THE PATHS OF HEAVEN

568


